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fi ■*? r ^ r'*5 i In 0  r  o jl o
I n  v i t r o  c u l t u r e s  o f  g u i n e a - p i g  lymph node c e l l s  
were  s t i m u l a t e d  t o  t r a n s f o r m  w i t h  p h y t c h a e m a g g l u t i n i n
( o r  a n t i g e n )  and t h e  i n c o r p o r a t i o n  o f t - g l u c o s a m i n e ,  
- l e u c i n e  , j ^ l l j - u r i d i n e  and - t h y m i d i n e  m easu red .
The i n h i b i t o r y  e f f e c t  o f  e s t a b l i s h e d  a n t i - i n f l a m m a t o r y  
d r u g s  and n o v e l  c a n d i d a t e  compounds on some o f  t h e s e  
p a r a m e t e r s  and on c e l l  v i a b i l i t y  was d e t e r m i n e d .
FPL528Q6 a f f e c t e d  t h e  f o l l o w i n g  measured p a r a m e t e r s  o f  
s t i m u l a t e d  c e l l s ,  i n  d e c r e a s i n g  o r d e r  o f  s e n s i t i v i t y :  
- g l u c o s a m in e  i n c o r p o r a t i o n  a t  ^-0h,;£ - t h y m i d i n e  
i n c o r p o r a t i o n  a t  ij.Oh. y  - l e u c i n e  i n c o r p o r a t i o n ' a t
hOh.%£ r e d u c t i o n  i n  number of- t r a n s f o r m e d  c e l l s  y  r e d u c t i o n  
i n  number o f  v i a b l e  c e l l s  y  J^H *J-ur id ine  i n c o r p o r a t i o n  a t  
2 0 h . > J ^ h J - u r i d i n e  i n c o r p o r a t i o n ^ a t  I h .  The e f f e c t  o f  
FPL52806 on p l i j - t h y m i d i n e  and ^*^c] - l e u c i n e  i n c o r p o r a t i o n  
were  n o t  due t o  i n t e r f e r e n c e  w i t h  t h e  b i n d i n g  o f  
p h y t o h a e m a g g l u t i n i n  t o  t h e  c e l l s  and were r e l a t e d  t o  t h e  
l e n g t h  o f  t im e  t h e  c e l l s  had been  exposed  t o  t h e  compound.
FPLf52806- t rea ted  c e l l s  were s t u d i e d  by s c a n n i n g  
e l e c t r o n  m ic ro sc o p y .
The l a t e n c i e s  0f  6 , 8 - d i - a l k y l  chromones a s  i n h i b i t o r s  
o f  ^ h J - th y m id in e  and £ ^cj  - l e u c i n e  i n c o r p o r a t i o n s  were  
shown t o  be m a t h e m a t i c a l l y  r e l a t e d  t o  t h e  l i p c p h i l i c i t i e s  
o f  t h e  compounds. The e x t e n t  t o  which t h e s e  compounds 
bound t o  b o v in e  serum was a l s o  r e l a t e d  t o  t h e  l i p o p h i l i c i t y  
o f  t h e  compounds.
b l i s h e d
- t h y m i d i n e
The o r d e r  o f  d e c r e a s i n g  p o t e n c y  o f  e s t a ’ 
a n t i - i n f l a m m a t o r y  d ru g s  a s  i n h i b i t o r s  o f  j^H 
I n c o r p o r a t i o n  was c h l o r o q u i n e ,  p r e d n i s o l o n e ,  f l u f e n a m i c  
a c i d ,  p h e n y l b u t a z o n e ,  i n d o m e t h a c i n ,  i b u p r o f e n  ana  sodium 
s a l i c y l a t e .  T h i s  p o t e n c y  o r d e r  i s  d i s c u s s e d  w i t h  r e s p e c t  
t o  t h e  t h e r a p e u t i c  p o t e n c i e s  o f  t h e  d ru g s  i n  r h e u m a to i d  
a r t h r i t i s  and t o  t h e  a c t i v i t i e s  o f  t h e  d r u g s  i n  o t h e r  
i n  v i t r o  and i n  v iv o  t e s t  sy s te m s  which may d e t e c t  
a n t i - i n f l a m m a t o r y  p r o p e r t i e s .
The a d v a n ta g e s  o f  t h e  s t i m u l a t e d  lymph node c e l l  
s y s te m  as  a n t i - i n f l a m m a t o r y  s c r e e n  a r e  d e s c r i b e d .
The b i o l o g y  o f  t h e  lymphocyte  and t h e  e v id e n c e  f o r  
t h e  in v o lv e m e n t  o f  t h i s  c e l l  i n  rh e u m a to id  a r t h r i t i s  
i s  d e s c r i b e d .
\
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G3KERA1 INTRODUCTION
1*1 INTRODUCTION
I n  t h e  1 9 6 0 s ,  d r u g s  u s e d  i n  t h e  t r e a t m e n t  o f  c h r o n i c  
i n f l a m m a to r y  d i s e a s e s ,  such  a s  r h e u m a to id  a r t h r i t i s ,  were 
w id e ly  s t u d i e d  f o r  t h e i r  e f f e c t  on t h e  m e t a b o l i c  a c t i v i t y  
o f  ly m p h o c y te s  i n  v i t r o . Sm ith  and F o r b e s  ( 1967 ) found 
t h a t  s a l i c y l a t e ,  p h e n y l b u t a z o n e ,  o x y p h e n b u ta z o n e , i n d o m e t h a c i n ,  
c h l o r o q u i n e  and h y d r o c o r t i s o n e ,  a t  c o n c e n t r a t i o n s  c o n s i d e r e d  
t o  b e  c l i n i c a l l y  a t t a i n a b l e  i n  man, i n h i b i t e d  p r o t e i n  s y n t h e s i s  
i n  s h o r t - t e r m  c u l t u r e s  o f  human b lo o d  lym phocy tes*  The d r u g s  
c a u se d  s i m i l a r  d e g r e e s  o f  i n h i b i t i o n  w h e th e r  o r  n o t  t h e  
ly m ph o cy tes  were s t i m u l a t e d  w i t h  p h y t o h a e m a g g l u t i n i n  (PEA.). 
W hitehouse  ( 1967 ) s i m i l a r l y  show'ed i n h i b i t i o n  o f  RNA, DNA. and 
p r o t e i n  s y n t h e s i s ,  i n  v e r y  s h o r t  t e rm  c u l t u r e s  (30  m in u t e s )  
o f  sh e ep  t h o r a c i c - d u c t  ly m p h o c y te s ,  by p h e n y l b u t a z o n e ,  
i n d o m e t h a c i n ,  f l u f e n a m i c  a c i d  and s t e r o i d s ;  h o w e v e r ,  c h l o r o q u i n e  
was w i t h o u t  e f f e c t  i n  W h i teh o u se* s  s y s te m .  P r e v i o u s l y ,  G a n tn e r  
and Zuckner  ( 1965 ) . had shown t h a t  b lo o d  ly m p h o c y te s  t a k e n  from 
r h e u m a to id  a r t h r i t i s  p a t i e n t s ,  d u r i n g  t r e a t m e n t  w i t h  
s a l i c y l a t e s ,  r e s p o n d e d  t o  s t i m u l a t i o n  w i t h  PH/l t o  a l e s s e r  
e x t e n t  t h a n  lym ph o cy tes  t a k e n  b e f o r e  d rug  t r e a t m e n t *  The 
i n h i b i t o r y  e f f e c t  o f  s a l i c y l a t e s ,  a d m i n i s t e r e d  i n  v i t r o  and 
i n  v i v o , on t h e  P H A -s t im u la te d  t r a n s f o r m a t i o n  o f  human b lo o d  
ly m p h o c y te s  h a s  been  r e c e n t l y  c o n f i rm e d  ( C p e l z  and T e r a s s k i ,  
1973; C r o u t  e t  a l , 1 9 7 5 ) .
These  s t u d i e s  s u g g e s t  t h a t  s t u d i e s  o f  t h e  e f f e c t s  o f  
d r u g s  on ly m p h o c y tes  m ight  p r o v i d e  a s u i t a b l e  s c r e e n i n g  sy s te m  
f o r  a n t i - i n f l a m m a t o r y  compounds ( F o r b e s  and S m i t h ,  1 967 ) .  
F u r t h e r m o r e ,  t h e y  im p ly  t h a t  t h e  t h e r a p e u t i c  e f f e c t  o f  d r u g s ,  
su c h  a s  s a l i c y l a t e ,  i n  r h e u m a to id  a r t h r i t i s  i s ,  a t  l e a s t  
p a r t i a l l y ,  due t o  t h e i r  i n h i b i t o r y  e f f e c t  on lym phocy te  
f u n c t i o n .  The l a t t e r  c o n c l u s i o n  i s  s u p p o r t e d  by t h e  f i n d i n g  
t h a t  a c e t y l s a l i c y l a t e , p h e n y lb u t a z o n e  and i n d o m e t h a c i n  
(W inchurch  e t  a l t 1974) i n h i b i t  t h e  c y t o t o x i c  a c t i v i t y  o f
l y m p h o c y te s ,  p r e s u m a b ly  due t o  lymphokine  r e l e a s e  (Dumonde 
e t  a l , 1 969 ) # The r e l e a s e  o f  lym phok ines  by ly m ph o cy tes  
h a s  b e e n  s u g g e s t e d  t o  be i m p o r t a n t  i n  e a r l y  i n f l a m m a to r y  
e v e n t s  ( M a c k l e r ,  1 9 7 1 ) .  The d i s c o v e r y  t h a t  d ru g s  u se d  i n  
t h e  t r e a t m e n t  o f  r h e u m a to i d  a r t h r i t i s  a f f e c t  l y m p h o c y te s ,  
s u p p o r t s  t h e  b e l i e f  t h a t  immune mechanisms a r e  i m p o r t a n t  i n  
r h e u m a to id  a r t h r i t i s  (W inchurch  e t  a l  ^ 197I;) .
The p u r p o s e  o f  t h e  p r e s e n t  s t u d y  was t o  d e t e r m i n e  t h e  
e f f e c t  o f  e s t a b l i s h e d  a n t i - i n f l a m m a t o r y  d r u g s  an d  n o v e l  
compounds on t h e  s y n t h e t i c  a c t i v i t i e s  o f  g u i n e a - p i g  lymph 
node ly m p h o c y tes  s t i m u l a t e d  w i t h  PHil and  t o  r e l a t e  t h e s e  
e f f e c t s  t o  a c t i v i t i e s  o f  t h e  e s t a b l i s h e d  d r u g s  and c a n d i d a t e  
compounds i n  o t h e r  a n t i - i n f l a m m a t o r y  s c r e e n s .
1*2 LYMPHOCYTE BIOLOGY
/  The f u n c t i o n a l  and  a n a t o m i c a l  d i v i s i o n  o f  ly m p h ocy tes  
i n t o  T ( t h y m i c - d e p e n d e n t )  ly m p h o c y tes  and B (b o ne  m a r r o w - d e r iv e d ,  
o r  b u r s a l - e q u i v a l e n t )  ly m p h o c y te s  i s  w e l l  e s t a b l i s h e d  ( R o i t t  
e t  a l t 1 9 6 9 ; R a f f  1971; Good 1972;  W i n k e l s t e i n  and R a b in ,  1975)*
B ly m p h o c y te s  a r e  r e s p o n s i b l e  f o r  immune r e s p o n s e s  i n v o l v i n g  
t h e  s y n t h e s i s  o f  s p e c i f i c  im m u n og lo bu l in s  ( h u m o ra l  immunity)  
which  a r e  t h e  immune r e s p o n s e s  Coombs and G e l l  (1963)  c l a s s i f i e d  
a s  t y p e s  1 to- 3# T ly m p h o c y te s  a r e  r e s p o n s i b l e  f o r  c e l l - m e d i a t e d  
im m u n i ty ,  o r  d e l a y e d  h y p e r s e n s i t i v i t y  r e a c t i o n s  (Coombs and 
Gell*  s t y p e  4 ) .
The f o e t a l  l i v e r  and l a t e r  i n  l i f e  t h e  bone marrow, a r e  
t h e  s o u r c e s  o f  a  m u l t i - p o t e n t i a l  lymphoid  s te m  c e l l  c a p a b le  o f  
u l t i m a t e l y  m a t u r i n g  i n t o  e i t h e r  T o r  B ly m p h o c y te s  (McGregor,
1968; Good, 1972)* T ly m ph o c y tes  c o m p le te  t h e i r  d i f f e r e n t i a t i o n  
i n  t h e  thymus ( M i l l e r  and O soba ,  196 7 )* o r  u n d e r  t h e  i n f l u e n c e  
o f  a h o r m o n e - l i k e  s u b s t a n c e  s e c r e t e d  by t h e  thymus ( G o l d s t e i n
' ,  1972; Bach and D a rd en n e ,  1973; M i l l e r  1 9 7 4 ) .  A v ian  
B ly m p h o cy tes  c o m p le te  t h e i r  d i f f e r e n t i a t i o n  i n t o  c o m p e te n t  
c e l l s  i n  t h e  b u r s a  o f  F a b r i c u s ,  a  g u t  a s s o c i a t e d  o r g a n .  I n  
mammals no c o m p a rab le  g u t  a s s o c i a t e d  lymphoid  t i s s u e  h a s  b e en  
f o u n d ,  a l t h o u g h  t h e  a p p e n d ix  and P e y e r * s  p a t c h  were  c o n s i d e r e d  
t o  be  p o s s i b l y  such  o r g a n s .  I t  a p p e a r s  t h a t  m a t u r a t i o n  o f  
B ly m ph o cy tes  o c c u r s  d i r e c t l y  w i t h i n  t h e  b o n e  marrow (unanue  
e t  a l  ^ 1 9 7 1 ; Abdou and Abdou, 1 9 7 2 ) .
\Vhen m a tu re  co m p e te n t  T lym ph o c y tes  a r e  r e l e a s e d  some 
c i r c u l a t e  c o n t i n u o u s l y  t h r o u g h  t h e  b lo o d  and lymph,  p a s s i n g  
o u t  o f  th e  b lo o d  th r o u g h  p o s t - c a p i l l a r y  v e n u l e s  i n  t h e  lymph 
nodes  and P e y e r ! s p a t c h e s ,  t r a v e l  t h r o u g h  t h e  lymphoid  t i s s u e  
and e n t e r  t h e  e f f e r e n t  lymph, r e t u r n i n g  t o  t h e  b lo o d  s t r e a m  
v i a  t h e  t h o r a c i c  d u c t  o r  o t h e r  l y m p h a t i c  v a s c u l a r  a n a s to m o s e s  
(Gowans and K n i g h t ,  1964 ) .  O th e r  T ly m p h o c y tes  m i g r a t e  i n t o
s p e c i f i c  a r e a s  o f  lym phoid  t i s s u e ,  t h e  th y m ic  d e p e n d e n t  a r e a s ,  
which a r e  i n  t h e  c a s e  o f  lymph nodes  t h e  p a r a c o r t e x  ( P a r r o t t  
and Be S o u s a ,  1 9 7 1 ) ,  and r e m a in  a s  s m a l l  i n t e r - m i t o t i c  c e l l s  
f o r  an  i n d e t e r m i n a t e  t i m e ,  h u t  r e t a i n i n g  t h e  c a p a c i t y  t o  
r e - e n t e r  t h e  c i r c u l a t i o n .  T ly m p ho cy tes  a r e  i n  g e n e r a l  
l o n g - l i v e d  ( C o w e l l ,  1963;  Buck ton  e t  a l , 196 7 ) .  I n  c o n t r a s t  
most B lym ph o c y tes  a r e  b e l i e v e d  t o  be s h o r t - l i v e d ' c e l l s  w i t h  
a  r a p i d  r a t e  o f  r e n e w a l  (C radd o ck  e t  a l . 1971;  P a r r o t t  and Be 
S o u s a ,  1 9 7 i ) . The m a j o r i t y  o f  B ly m p h o c y te s  do n o t  
c i r c u l a t e  b u t  r e m a in  r e l a t i v e l y  f i x e d  a t  t h e  s i t e  o f  p r o d u c t i o n .  
A minor  p o p u l a t i o n  o f  .B ly m p ho cy tes  do c i r c u l a t e ,  and p a s s  
t h r o u g h  d i f f e r e n t  a r e a s  o f  t h e  lymphoid  t i s s u e  and w i t h  a  s l o w e r  
t r a n s i t  t im e  t h a n  T c e l l s  (Howard e t  a l , 1 9 7 2 ) .  The c i r c u l a t i n g  
B ly m p h o c y te s  have  a  l o n g e r  l i f e  sp a n  t h a n  n o n - c i r c u l a t i n g  
B ly m p h o c y te s  (Howard,  1972;  S p r e n t  and B a s t e n ,  1 9 7 3 ) .  I n  t h e  
p e r i p h e r a l  lymphoid  t i s s u e  B ly m ph o cy tes  a r e  found  i n  a r e a s  
which  a r e  d i f f e r e n t  f rom  t h e  t h y m i c - d e p e n d e n t  a r e a s  o c c u p ie d  
by T ly m p h o c y te s  a n d ,  i n  t h e  c a s e  o f  lymph nodes  t h e r e  a r e  
t h e  g e r m i n a l  c e n t r e s ,  s u b c a p s u l a r  zon es  and m e d u l l a  ( P a r r o t t  
and Be S o u s a ,  1 9 7 1 ) .
T and B ly m p h o c y tes  may be d i s t i n g u i s h e d  by  c r i t e r i a  
o t h e r  t h a n  d i f f e r e n t  o r i g i n s ,  c i r c u l a t o r y  b e h a v i o u r  and  l i f e  
s p a n s .  T ly m p h o c y te s  a r e  d e n s e r ,  and l e s s  a d h e r e n t  o r  s t i c k y  
(B ia n c o  e t  a l r 197O ) ,  s l i g h t l y  l a r g e r  (Howard e t  a l , 1972) 
and more n e g a t i v e l y  c h a rg e d  ( W io lan d e l^ 1972) t h a n  B ly m p h o c y t e s .  
The c h a rg e  d i f f e r e n c e  i s  r e l a t e d  t o  t h e  number o f  s i a l i c  a c i d  
r e s i d u e s  p r e s e n t  on T compared w i th  B ly m p h o c y te s  ( H o r d l i n g  
e t  a l , 1 9 7 2 ) .  T and B ly m p h o c y te s  have  d i f f e r e n t  a p p e a r a n c e s  
u n d e r  t h e  s c a n n i n g  e l e c t r o n  m ic r o s c o p e ,  B ly m p h o c y te s  h a v i n g  
many more and l o n g e r  e x t e r n a l  p r o c e s s e s  t h a n  T ly m p h o c y te s  
( P o l l i a c k  e t  a l , 1 9 7 3 ) .  O th e r  s u r f a c e  membrane c h a r a c t e r i s t i c s  
may be u se d  t o  d i s t i n g u i s h  B and T l y m p h o c y te s .  B ly m p h o c y te s  
have  im m u n og lo bu l in  p r e s e n t  on t h e i r  s u r f a c e  ( R o b e l l i n o  e t  a l , 
1971;  Shevach e t  a l . 1973)* r e c e p t o r s  f o r  t h e  C3 component o f  
complement (R oss  e t  a l , 1973; Shevach e t  a l  1 9 7 3 ) ,  and a l s o
r e c e p t o r s  f o r  t h e  Fc p o r t i o n  o f  IgG ( D i c k l e r  and K u n k e l ,  1 9 7 2 ) .  
T h ese  a r e  b e l i e v e d  t o  be a b s e n t  from T ly m p h o c y te s .
T ly m p h o c y te s  i n  mice c a r r y  a s p e c i f i c  membrane a n t i g e n ,  
t h e  t h e t a  a n t i g e n  ( R a f f ,  1971) which i s  a b s e n t  from 
B l y m p h o c y te s .  A s i m i l a r  a n t i g e n  a p p e a r s  t o  be  p r e s e n t  on 
human T lym p h o c y tes  (S m i th  e t  a l , 1 9 7 3 ) .  T ly m p h o c y te s  may 
a l s o  be  i d e n t i f i e d  by t h e i r  u n iq u e  c a p a c i t y  t o  form r o s e t t e s  
w i t h  n a t i v e  u n s e n s i t i z e d  sheep  r e d  c e l l s  (Bach and D a rd e n n e ,  
1972;  Wybran and F u d e n b e r g ,  1 9 7 3 ) .  '
T and B lym ph o cy tes  which  a r e  s e n s i t i z e d  t o  a n t i g e n ,  
r e s p o n d  i n  d i f f e r e n t  ways when exposed  t o  t h e  a n t i g e n .
B ly m p h o c y te s  d i v i d e  and d i f f e r e n t i a t e  i n t o  b l a s t  c e l l s  w i t h  
a b u n d a n t  ro u g h  e n d o p la sm ic  r e t i c u l u m  and some become p la s m a  
c e l l s  w h i c h  s e c r e t e  a n t i b o d y  t o  t h e  s t i m u l a t i n g  a n t i g e n .
T h i s  a n t i b o d y  i s  r e s p o n s i b l e  f o r  t h e  immune r e s p o n s e s  which  
Coombs and G e l l  c l a s s i f i e d  a s  t y p e s  1 t o  3 .  B ly m p h o c y te s  
a r e  f u n c t i o n a l l y  r e s p o n s i b l e  f o r  t h e  s y n t h e s i s  o f  a n t i b o d y  
i n v o l v e d  i n  hu m o ra l  im m u n i ty .
T c e l l s  p r o l i f e r a t e  and d i f f e r e n t i a t e  t o  b l a s t  c e l l s  
w h ich  do n o t ,  i n  c o n t r a s t ,  c o n t a i n  a b u n dan t  ro u g h  e n d o p la sm ic  
r e t i c u l u m  and do n o t  become a n t i b o d y - s e c r e t i n g  c e l l s .  They 
s e c r e t e  a v a r i e t y  o f  n o n - a n t i b o d y  b i o l o g i c a l  a c t i v i t i e s ,  o r  
f a c t o r s ,  ( 1 l y m p h o k in e s 1 9 Dumonde et_al,l£ib<jjsuch a s  m i g r a t i o n  
i n h i b i t i o n  f a c t o r ,  c y t o t o x i c  f a c t o r ,  m i t o g e n ic  f a c t o r ,  
i n f l a m m a to r y  f a c t o r  and v a r i o u s  f a c t o r s  which  a r e  e h e m o t a c t i c  
f o r  p o ly m o r p h o n u c le a r  l e u c o c y t e s ,  e o s i n a p h i l s  and m a c ro p h a g e s .  
The b i o l o g i c a l  a c t i v i t i e s  o f  t h e s e  f a c t o r s  h av e  b e e n  r e v i e w e d  
by David (1971)  and P i c k  and T urk  ( 1 9 7 2 ) .  Some o f  t h e s e  
f a c t o r s  a t  l e a s t ,  a r e  i n v o l v e d  i n  c e l l - m e d i a t e d  immune 
r e s p o n s e s ,  f o r  w hich  T c e l l s  a r e  c o n s i d e r e d  t o  be p r i m a r i l y  
r e s p o n s i b l e  (Bloom, 1 9 7 1 ) .  I t  h a s  r e c e n t ly -  b e e n  e s t a b l i s h e d  
t h a t  s t i m u l a t e d  g u i n e a - p i g  B ly m ph o cy tes  can  a l s o  p r o d u c e  
; m a c r o p h a g e - i n h i b i t i n g  f a c t o r  ( Y o s h id a  e t  a l , 1 9 7 3 ) ,  c y t o t o x i c  
f a c t o r  (Wahl ,  1 9 7 4 ) ,  and m a c r o p h a g e - a c t i v a t i n g  f a c t o r  ( W i l t o n  
e t  a l , 1 9 7 5 ) .  B ly m p h ocy tes  from o t h e r  s p e c i e s ,  f o r  example
man, ( M a c k le r  e t  a l , 1974) and mice ( P a r k e r  and M e t c a l f ,  1974) 
can  a l s o  p r o d u c e  l y m p h o k in e s .  T hese  r e s u l t s  s u g g e s t  t h a t  
B ly m p h o c y te s  may be i n v o l v e d  i n  c e l l - m e d i a t e d  immunity  i n  
a d d i t i o n  t o  t h e i r  r o l e  o f  s y n t h e s i z i n g  a n t i b o d y  f o r  h um ora l  
im m u n i ty ,  and t h a t  c e l l - m e d i a t e d  imm unity  i s  n o t  e x c l u s i v e l y  
a  T lym ph o cy te  f u n c t i o n  ( W i l t o n  e t  a l , 1 9 7 5 ) .  I t  i s  n o t  y e t  
known w h e th e r  o r  n o t  t h e  same B ly m ph o c y te s  r e s p o n s i b l e  f o r  
a n t i b o d y  s y n t h e s i s  a l s o  p r o d u c e  ly m p h o k in e s .
T c e l l s  i n  a d d i t i o n  t o  t h e i r  r o l e  i n  c e l l u l a r  im m unity  
a s s i s t  B c e l l s  i n  t h e  s y n t h e s i s  o f  c e r t a i n  a n t i b o d i e s  ( M i l l e r  
and M i t c h e l l ,  1 9 6 8 ) .  The T c e l l s  do n o t  s y n t h e s i z e  t h e  
a n t i b o d y  b u t  i n  some way,  p o s s i b l y  i n v o l v i n g  l o c a l  c o n c e n t r a t i o n  
o f  a n t i g e n ,  i n d u c e  t h e  B c e l l s  t o  s y n t h e s i z e  a n t i b o d y  i n  
r e s p o n s e  t o  t h e  a n t i g e n .  Such a n t i g e n s ,  known a s  th ym u s -  
d e p e n d e n t  a n t i g e n s ,  u s u a l l y  l a c k  t h e  r e p e a t i n g  i d e n t i c a l  
d e t e r m i n a n t s  which a r e  fo u nd  i n  t h y m u s - in d e p e n d e n t  a n t i g e n s ,  
such  a s  pneum ococca l  p o l y s a c c h a r i d e .
1*3 LYMPHOCYTE TRANSFORMATION
The r e s p o n s e  o f  s p e c i f i c a l l y - s e n s i t i z e d  T o r  B ly m p h ocy tes  
t o  a n t i g e n ,  t h a t  i s  c e l l  p r o l i f e r a t i o n  and b l a s t - c e l l  f o r m a t i o n  
f o l l o w e d  by c e l l  d i v i s i o n ,  i s  known a s  lym phocy te  t r a n s f o r m a t i o n  
s t i m u l a t i o n ,  o r  a c t i v a t i o n .  C e r t a i n  s u b s t a n c e s ,  known a s  
m i t o g e n s ,  mimic t h e  e f f e c t  o f  s p e c i f i c  a n t i g e n  on s e n s i t i z e d  
c e l l s  and c a u s e  lymphocyte  t r a n s f o r m a t i o n .
I n  c o n t r a s t  t o  a n t i g e n i c  s t i m u l a t i o n  where o n l y  a s m a l l  
number o f  c e l l s  r e s p o n d ,  m i to g e n s  c a u s e  a l a r g e  number o f  
c e l l s  t o  t r a n s f o r m ;  m i to g e n s  a r e  p o l y c l o n a l  s t i m u l a n t s  
( A n d e r s s o n  e t  a l , 19721sjGreaves and J a n o s s y ,  1 9 7 2 ) .  The 
most commonly u sed  m i to g e n  i s  p h y t o h a e m a g g l u t i n i n  (PHA) which  
i s  i s o l a t e d  from t h e  r e d  k i d n e y  b e a n ,  P h a s e o l u s  v u l g a r i s , 
( N o w e l l ,  i 9 6 0 ) .  PHA s t i m u l a t e s  t h e  t r a n s f o r m a t i o n  o f  o n l y  
T c e l l s  i n  r a t s ,  mice and c h i c k e n s  ( J a n o s s y  and G r e a v e s ,  1971)* 
I n  man t h e r e  i s  e v id e n c e  f o r  s t i m u l a t i o n  o f  B c e l l s  by  PHA 
( P h i l l i p s  and R o i t t ,  1 9 7 3 ) ,  b u t  t h i s  c o u ld  be a n  i n d i r e c t  
r e s u l t  o f  s t i m u l a t i o n  o f  T c e l l s  by PHA ( P h i l l i p s  and  W e i s r o s e ,  
1974 ) .  G reaves  e t  a l  ( 197I4.) c o n s i d e r e d  PHA t o  be  p r e d o m i n a n t l y  
i f  n o t  e x c l u s i v e l y ,  a  T c e l l  s t i m u l a n t  i n  man.
S i m i l a r  p l a n t - d e r i v e d  m i to g e n s  ( p h y t o m i t o g e n s )  h a v e  b e e n  
p r e p a r e d  from C a n a v a l i a  e n s i f o r m i s  ( ? / e c k s t e r  e t  3.1, 19 6 3 ^ ,
Lens c u l i n a r i s  (Young e t  a l , 1971) and  W i s t e r i a  f l o r i b u n d a  
(T oyash im a  e t  a l , 1 9 7 1 ) .  C o n c a n a v a l i n  A ( f r o m  C a n a v a l i a  
e n s i f o r m i s ) i s  a T c e l l  m i to g e n .  These  p h y t o m i t o g e n s  b i n d  
t o  c a r b o h y d r a t e s ,  and t h i s  may be  i m p o r t a n t  i n  t h e  mechanism 
o f  t h e i r  l y m p h o c y t e - s t i m u l a t i n g  a c t i o n ,  s i n c e  a d d i t i o n  o f  
N - a c e t y l - D - g a l a c t o s a m i n e  i n h i b i t s  t h e  s t i m u l a t i o n  o f  
t r a n s f o r m a t i o n  by PHA ( F i s h e r  and M u e l l e r ,  1969a )  and 
t r a n s f o r m a t i o n  cau se d  by c o n c a n a v a l i n  A i s  i n h i b i t e d  by  
m e th y l -D -m a n n o p y ran o s id e  (N ovogrodsky  and K a t c h a l e k i ,  1 9 7 1 a ) .
Sim ple  i n o r g a n i c  compounds such a s  m e r c u r i c  c h l o r i d e  
(S c h o p f  e t a l , 1967; C aron  e t  a l , 1 9 7 0 ) ,  and sodium p e r i o d a t e  
(Novogrodsky  and K a t c h a l s k i ,  1971h; P a r k e r  e t  a l , 1972)  h a v e  ^  
a l s o  b e e n  shown t o  c a u se  lym phocy te  t r a n s f o r m a t i o n .  Sodium 
p e r i o d a t e  i s  a  T c e l l  s t i m u l a n t  (N ovo g ro dsk y ,  197k;  Thurman 
e t  a l , 1 9 74 )•  The o x i d a t i v e  a c t i v i t y  o f  sodium p e r i o d a t e  
i s  b e l i e v e d  t o  be r e s p o n s i b l e  f o r  t h e  compound’ s m i t o g e n ic  
a c t i v i t y ,  o x i d a t i o n  o f  s u g a r s  on t h e  ly m p h o c y te ’ s s u r f a c e  
w i t h  f o r m a t i o n  o f  a ld e h y d e s  b e i n g  i m p o r t a n t  (N ovogrodsky  and 
K a t c h a l s k i ,  1972;  Z a tz  e t  a l , 1 9 7 2 ) .  M acrophages  a r e  a l s o  
i n v o l v e d  i n  t h e  mechanism o f  m i t o g e n i s i s  in d u c e d  by  sodium 
p e r i o d a t e  (B in ia m in o v  e t  a l , 1 9 7 5 ) .  T r e a tm e n t  o f  ly m p h o c y te s  
w i t h  n e u r a m i n i d a s e ,  t o  r e v e a l  g a l a c t o s e  r e s i d u e s ,  and w i t h  
g a l a c t o s e  o x i d a s e ,  t o  o x i d i z e  t h e s e  t o  form a ld e h y d e  g r o u p s  
w i l l  a l s o  in d u c e  t r a n s f o r m a t i o n  (N ovogrodsky  and K a t c h a l s k i ,
1973;  B in ia m in o v  e t  a l . 1 9 7 5 ) .
S p e c i f i c  B - lym phocy te  m i to g e n s  i n c l u d e  l i p o p o l y s a c c h a r i d e  
( L P S ) ,  (A n d e rs  son e t _ a l ,  1972a), pneum ococca l  p o l y s a c c h a r i d e  S I I I , 
( C o u t in h o  and M o l l e r ,  1 9 7 3 ) ,  N - p a l m i t o y l - P - g l u c o s a m i n e  
( R o s e n s t r e i c h  e t  a l , 1 974 ) ,  d e x t r a n  s u l p h a t e  ( D o r r i e s  e t  a l .
197k ) , p r o t e a s e s  su ch  a s  t r y p s i n  and p r o n a s e  (K a p la n  and B ona ,  
1974) and an  e x t r a c t  o f  N o c a r d i a  o p a c a , (Bona e t  a l , 1 9 7 5 ) .
The pokeweed m i t o g e n ,  e x t r a c t e d  f rom  P h y t o l a c c a  a m e r i c a n a  w i l l  
s t i m u l a t e  b o t h  T -  and B- ly m p h o c y te s  t o  t r a n s f o r m  ( j a n o s s y  e t  a l , 
1972;  Weber 1 9 7 3 ) .  PHA and c o n c a n a v a l i n  A a r e  b o t h  T - ly m p h o c y te  
m i t o g e n s ,  a s  d e s c r i b e d  a b o v e ,  b u t  when t h e  m i to g e n s  a r e  
c o v a l e n t l y  bound t h e i r  s p e c i f i t i e s  c h a n g e .  PHA bound t o  
s e p h a r o s e  b e ad s  i s  m i t o g e n ic  f o r  b o t h  B- and T - ly m p h o c y te s  
(G re a v e s  and B au m ing er ,  1972) b u t  c o n c a n a v a l i n  A bound t o  t h e  
s u r f a c e  o f  p l a s t i c  p e t r i  d i s h e s  i s  m i t o g e n ic  f o r  o n l y  
B - ly m p h ocy tes  ( A n d e r s s o n  e t  a l . 1972lJ.
C y c l i c  g u a n y l  monophosphate  (cy c l ic -G M P )  s t i m u l a t e s  b o t h  
B- and T - ly m p h o c y te s  ( D i a m a n t s t e i n  and U lm er ,  1 9 7 5 a ) o A 
c a l c i u m  i o n o p h o r e ,  A23187,  h a s  b e e n  shown t o  p o s s e s s  m i t o g e n i c  
a c t i v i t y  (L u ch a sen  e t  a l . 1974 ,  and Maino e t  a l . 1 9 7 4 ) .  The
m i t o g e n i c  a c t i v i t i e s  o f  cycl ic-GM P and t h e  c a l c i u m  io n o p h o re  
have  r e l e v a n c e  t o  t h e  u n d e r s t a n d i n g  o f  t h e  e a r l y  e v e n t s  t h a t  ^
o c c u r  d u r i n g  lym phocyte  t r a n s f o r m a t i o n .  ,
Lymphocyte t r a n s f o r m a t i o n  may a l s o  he in d u c e d  by immune 
com plexes  ( M o l l e r ,  1 9 6 9 ) ;  t h e  c u l t u r e  t o g e t h e r  o f  lym ph o cy tes  
f rom g e n e t i c a l l y  d i s s i m i l a r  i n d i v i d u a l s ,  mixed lym phocy te  
r e a c t i o n ,  ( E l v e s ,  1968) and by  a n t i - l y m p h o c y t e  serum 
(G ra s b e c k  e t  a l , 1964) o r  by a n t i b o d y  d i r e c t e d  a g a i n s t  
im m un o g lo b u l in  p r e s e n t  on t h e  lym phocy te  s u r f a c e  (Aim and 
P e t e r s o n ,  1 9 6 9 ) .  M i to g e n ic  F a c t o r ,  p r e s e n t  i n  t h e  ’ ly m p h o k in e s ’ 
p ro d u ce d  by  a n t i g e n - s t i m u l a t e d  (Bumonde e t  a l , 1969;  W o l s t e n c r o f t  
and Dumonde, 1970) o r  m ito g e n  s t i m u l a t e d  ( M a c k le r  e t  a l , 1972;  
Sm ith  and B a r k e r ,  1972) T - ly m p h o c y te s  w i l l  s t i m u l a t e  o t h e r  
lym ph o cy tes  t o  t r a n s f o r m .
Lymphocyte t r a n s f o r m a t i o n  i s  t h e  c e n t r a l  e v e n t  i n  a l l  
immune r e s p o n s e s ,  b o t h  t h o s e  i n v o l v i n g  B - ly m p h o c y te s  (T ypes  
1 t o  3 o f  Coombs and G e l l ’ s c l a s s i f i c a t i o n )  and T - ly m p h o c y te s  
(Type 4 ) .  The t r a n s f o r m a t i o n  c a n  be  s t i m u l a t e d  s p e c i f i c a l l y  
by  a n t i g e n  i f  t h e  lym phocy te  donor  h a s  been  exposed  t o  t h e  
a n t i g e n ,  n o n - s p e c i f i c a l l y  by  m i t o g e n s ,  and o t h e r  ways which 
h av e  immune s i g n i f i c a n c e ,  f o r  example  t h e  mixed ly m p ho cy te  
r e a c t i o n .
1»3*1 The Morphology o f  Lymphocyte T r a n s f o r m a t i o n
As s e e n  i n  t h e  l i g h t  m ic r o s c o p e ,  m i t o g e n s ,  su c h  as  PHA, 
t r a n s f o r m  s m a l l  l y m p h o c y te s ,  7 - 8  i n  d i a m e t e r ,  and c o n t a i n i n g  
l i t t l e  c y t o p l a s m ,  i n t o  l a r g e  p y r o n i n e - s t a i n i n g  ’ b l a s t ’ c e l l s  
12-20  i n  d i a m e t e r ,  which  l a t e r  d i v i d e  ( R o b b i n s ,  1 9 6 4 ) .
A l l i s o n  and M a l l u c c i  (1 9 64 )  o b s e r v e d  an  i n c r e a s e  i n  t h e  number 
o f  g r a n u l e s  which  s t a i n  w i t h  n e u t r a l  r e d  i n  t h e  c y to p l a s m  o f  
P H A - s t im u la te d  b l a s t  c e l l s ,  which i n d i c a t e s  an  i n c r e a s e  i n  
t h e  number o f  ly s o s o m e s .  T r a n s f o r m in g  c e l l s  a l s o  t e n d  t o
a g g r e g a t e  i n  c lumps ( E u r e n i u s  e t  a l , 1969 ) .  An i n c r e a s e  
i n  n u c l e a r  volume h a s  b e e n  m easu red  f o r  g u i n e a - p i g  lymph 
node ly m p h o c y te s  ( E u r e n i u s  and M c I n t y r e ,  1 9 7 0 ) ,  and a l s o  f o r  
human b lo o d  ly m p h o c y te s  (Muniz e t  a l , 19 7 0 ) .
Under t h e  e l e c t r o n  m ic r o s c o p e ,  c e l l  s i z e ,  p r o p o r t i o n  o f  
c y t o p l a s m ,  and number o f  l y s o s o m e s ,  m i t o c h o n d r i a ,  r i b o s o m e s  
and po lysom es  i s  i n c r e a s e d  i n  P H A - s t im u la te d  c e l l s  ( B i b e r f i e l d ,  
1971b). The r ib o so m e s  a r e  n o t  s i g n i f i c a n t l y  o r g a n i s e d  on t h e  
ro u g h  e n d o p la sm ic  r e t i c u l u m ,  a s  i s  found  i n  s t i m u l a t e d  
B ly m p h o c y te s  ( j a n o s s y  e t  a l , 1973; Shand e t  a l , 1 9 7 3 ) .  An 
i n c r e a s e  i n  t h e  number o f  n u c l e a r  p o r e s  h a s  b een  r e p o r t e d  
(Maul e t  a l , 1971) i n  P H A - s t im u la te d  human b lo o d  ly m p h o c y te s ;  
t h e  i n c r e a s e  i s  b i p h a s i c  and t h e  f i r s t  i n c r e a s e  seems t o  be  
r e l a t e d  t o  a n  i n c r e a s e  i n  p r o t e i n  s y n t h e s i s  and t h e  s e co n d  t o  
t h e  o n s e t  o f  DNA s y n t h e s i s  (Maul e t  a l , 1 9 7 2 ) .
1*3*2 The B i o c h e m i s t r y  Of Lymphocyte T r a n s f o r m a t i o n .
The s m a l l  lym phocy te  i s  m e t a b o l i c a l l y  q u i e s c e n t .  When 
t h e  c e l l  i s  in d u c e d  t o  t r a n s f o r m ,  f o r  example  w i th  PHA, a 
complex s e r i e s  o f  m e t a b o l i c  chan g e s  t a k e  p l a c e  i n v o l v i n g  
i n c r e a s e d  e n e rg y  p r o d u c t i o n  and s y n t h e s i s  o f  m a c ro m o le c u le s  
w hich  f i n a l l y  r e s u l t  i n  m i t o s i s .  T hese  ch an g e s  were  r e v i e w e d  
by L u c a s ,  1971.
The e v e n t s  which  o c c u r  e a r l y  i n  lym phocy te  t r a n s f o r m a t i o n  
have  b e e n  i n t e n s i v e l y  s t u d i e d ,  t o  i n c r e a s e  t h e  u n d e r s t a n d i n g  
o f  lym phocy te  t r a n s f o r m a t i o n  and o f  t h e  i n i t i a l  e v e n t s  o c c u r r i n g  
a f t e r  gene  d e r e p r e s s i o n .
The e a r l y  e v e n t s  i n c l u d e  i n c r e a s e d  s y n t h e s i s  o f  cycl ic -GM P 
(Hadden e t  a l , 1 9 7 2 ) ,  and a c c e l e r a t i o n  o f  p h o s p h o l i p i d  t u r n o v e r ,  
e s p e c i a l l y  t h a t  o f  p h o s p h o t i d y l  i n o s i t o l  ( F i s h e r  and M u e l l e r ,  
1969^). An enhanced  u p ta k e  o f  i o n s  o c c u r s ,  f o r  e x a m p le ,  K+ 
;( Q u e s t e l  and K a p la n ,  1970;  Kay 1 9 7 2 ) ,  Ca^+ ( A s h e r s o n  e t  a l , 1970
Whitney  ana  S u t h e r l a n d ,  1972) and P0$ ( C r o s s  and O rd ,  1 9 7 1 ) .
The u p t a k e  o f  m e t a b o l i c  p r e c u r s o r s ,  f o r  example  u r i d i n e  
( P e t e r s  and H a u se n ,  1 9 7 1 a ) ,  c a r b o h y d r a t e  ( P e t e r s  and H a u se n ,  
1 9 7 1 b ) ,  and amino a c i d s  (M endelsohn  e t  a l , 1971;  Van d e r  Berg  
an3 B e t e l ,  1973 and 1974) i s  a l s o  i n c r e a s e d .  These  e a r l y  
c h an g e s  o c c u r  .w i th in  one h o u r  o f  s t i m u l a t i o n  o f  t h e  lym phocy te  
and a r e  r e l a t e d  t o  ch an g e s  i n  c e l l  membrane f u n c t i o n ,
( L a d o u l i s  e t  a l , 1 9 7 5 ) .  E n d o c y t o s i s ,  a membrane f u n c t i o n ,  i s  
a l s o  i n c r e a s e d  i n  s t i m u l a t e d  ly m p h o c y te s  (S m i th  and H o l l e r s ,  
1970;  B i b e r f i e l d , t 1971a). F u r t h e r  e v id e n c e  f o r  c h an g e s  i n  
c e l l  membrane f u n c t i o n  d u r i n g  lym phocy te  t r a n s f o r m a t i o n  i s  t h e
i n c r e a s e d  membrane f l u i d i t y  ( B u r n e t t  e t  a l ,  1 9 7 4 ) .  B u r n e t t( 11 1 1 1
e t  a l  (1974)  found c l o s e  c o r r e s p o n d e n c e  be tw een  t h e  t e m p o r a l  
c h an g e s  i n  membrane f l u i d i t y  and i n t r a c e l l u l a r  cycl ic-GM P 
l e v e l s .
E a r l y  e v e n t s  which  a r e  i n t r a c e l l u l a r  i n c l u d e  i n c r e a s e d  
p h o s p h o r y l a t i o n  o f  n u c l e a r  h i s t o n e s  ( K l e i n s m i t h  e t  a l , 1 9 6 6 ; 
C ro s s  and O rd ,  1970) and s y n t h e s i s  o f  n o n - h i s t o n e  c h r o m a t i n  
p r o t e i n  (Levy  e t  a l ? 1 9 7 3 ; J o h n s o n  e t J L i ,  19724.) • A 
r e d i s t r i b u t i o n  o f  l y s o s o m a l  enzymes i n t o  t h e  c y to p la s m  o c c u r s  
soon  a f t e r  s t i m u l a t i o n  o f  ly m p ho cy tes  w i t h  PHA. ( H i r s c h h o r n  
e t  a l  1 9 6 8 )* T h i s  r e d i s t r i b u t i o n  may be  i m p o r t a n t  i n  t h e  
. r e m o d e l l i n g  p r o c e s s e s  t h a t  o c c u r  i n  s t i m u l a t e d  l y m p h o c y te s  
( H i r s c h h o r n  e t  a l ' 1 9 6 9 ; Weissmann and Dukor ,  1 9 7 0 ) .
S u b seq u e n t  t o  t h e  e a r l y  m e m b r a n e - r e l a t e d  c h a n g e s  and 
e a r l y  n u c l e a r  and c y t o p l a s m i c  e v e n t s ,  s y n t h e s i s  o f  RNA, p r o t e i n ,  
p h o s p h o l i p i d  and DNA o c c u r s  p r i o r  t o  m i t o s i s  ( L u c a s ,  1 9 7 1 ) .  
Changes r e l a t e d  t o  RNA s y n t h e s i s ■i n c l u d e  i n c r e a s e d  c y t i d i n e  
and u r i d i n e  k i n a s e  ( L u c a s ,  1967) and d e c r e a s e d  i n t r a c e l l u l a r  
p o o l s  o f  u r i d i n e  n u c l e o t i d e s  ( L u c a s ,  1971 ) .  The a c t i v i t y  
o f  n u c l e o l a r  and n u c l e o p l a s m i c  BNA-dependent  RNA p o l y m e r a s e s  
a r e  i n c r e a s e d  a t  a n  e a r l y  s t a g e  ( P o g o ,  1972a).
DNA p o ly m e ra s e  a c t i v i t y  i s  i n c r e a s e d  a t  a b o u t  24 h o u r s  
a f t e r  s t i m u l a t i o n  o f  t h e  lym phocy te  (Agarwal  e t  a l , 1970) and 
;DNA s y n t h e s i s  i s  maximal from a b o u t  40 h o u r s ,  d e p e n d in g  on  t h e  
lym phocy te  s o u r c e  and s t i m u l a n t  u s e d .  Thymidine  k i n a s e
a c t i v i t y  p a r a l l e l s  t h e  t i m i n g  o f  DNA s y n t h e s i s ,  w i t h  maximal 
i n c r e a s e  i n  a c t i v i t y  o c c u r r i n g  w i t h  t h e  p eak  o f  DNA s y n t h e s i s  
( R a b in o w i t z  e t  a l , 1 9 7 0 ) .  Enzyme a c t i v i t i e s  which a r e  
a s s o c i a t e d  w i t h  t h e  s y n t h e s i s  o f  n u c l e i c  a c i d  p r e c u r s o r s  and 
which  a r e  i n c r e a s e d  d u r i n g  lym phocy te  t r a n s f o r m a t i o n  i n c l u d e  
ca rb a m y l  p h o s p h a te  s y n t h e t a s e  and a s p a r t a t e  t r a n s c a r b a m y l a s e  
( i t o  and U c h in o ,  1 9 7 3 ) ;  t h e s e  enzymes a r e  c o n ce rn e d  i n  t h e  
s y n t h e s i s  o f  p y r i m i d i n e s .  I n c r e a s e d  o r n i t h i n e  d e c a r b o x y l a s e s  
h a s  b e e n  found  (Kay and L in d s a y ,  1 9 7 3 ) ;  t h i s  enzyme i s  i n v o l v e d  
i n  h i s t o n e  s y n t h e s i s .
A t  24 h o u r s  a f t e r  s t i m u l a t i o n  o f  ly m p h o c y te s ,  p r o t e i n  
s y n t h e s i s  i s  a c c e l e r a t e d  ( M u e l l e r  and LeMahieu,  1 9 6 6 ) .
A hern  and Kay (1973)  found  an i n c r e a s e d  number o f  r i b o s o m e s  
a c t i v e l y  engaged i n  p r o t e i n  s y n t h e s i s .  The a c t i v i t y  o f  t h e  
p r o l i n e  b i o s y n t h e s i z i n g  enzyme (A  - p y r r o l i n e - 5 - c a r b o x y l a t e  
r e d u c t a s e )  i s  i n c r e a s e d  d u r i n g  lymphocyte  t r a n s f o r m a t i o n ,  b u t  
t h e  p r o l i n e  d e g r a d i n g  enzyme, p r o l i n e  o x i d a s e ,  i s  n o t  a f f e c t e d  
( V a l l e  e t  a l , 1 9 7 5 ) .  V a l l e  e t  a l  a l s o  found  t h a t  t h e  
r e d u c t a s e  s t i m u l a t e d  i n  ly m p h o c y te s  was s e n s i t i v e  t o  i n h i b i t i o n  
by p r o l i n e ,  i n d i c a t i n g  a  n e g a t i v e  f e e d - b a c k  mechanism t o  . 
c o n t r o l  t h e  s y n t h e s i s  o f  p r o l i n e  a t  a  r a t e  j u s t  s u f f i c i e n t  f o r  
p r o t e i n  s y n t h e s i s .
The s y n t h e s i s  o f  g l y c o p r o t e i n s  i s  a l s o  i n c r e a s e d  (Hayden  
e t  a l , 1 9 7 0 ) .  Hayden e t  a l  found  t h a t  t h e  m a j o r i t y  o f  t h e  
^ C - g l u c o s a m i n e ,  used  t o  m easure  g l y c o p r o t e i n  s y n t h e s i s ,  v/as 
a s s o c i a t e d  w i t h  membranes,  mainlj^ t h e  p la sm a  membrane. The 
s y n t h e s i s  o f  p h o s p h o l i p i d  i s  a l s o  i n c r e a s e d  ( F i s h e r  and M u e l l e r ,  
1969b) i n d i c a t i n g - new membrane s y n t h e s i s .  The a c t i v i t y  o f  
g a l a c t o s y l  t r a n s f e r a s e  on t h e  l y m p h o c y t e s ’ p la sm a  s u r f a c e  
i s  a l s o  i n c r e a s e d  d u r i n g  t r a n s f o r m a t i o n  (Lament e t  a l ,  1 9 7 4 ) .
•h. " ■ J  l-“
T h is  e f f e c t  was i n t e r p r e t e d  t o  i n d i c a t e  f r e s h  p la sm a  membrane 
s y n t h e s i s  on t h e  g o l g i  a p p a r a t u s ,  where g a l a c t o s y l  t r a n s f e r a s e  
i s  foun d  n o r m a l ly  a t  h i g h e r  l e v e l s  t h a n  on t h e  p la sm a  membrane.
The above s y n t h e t i c  p r o c e s s e s  r e q u i r e  e n e r g y  and t h i s  i s  
•p ro v id ed  by t h e . o x i d a t i o n - o f  g l u c o s e .  Hedeskov ( 1968 ) fo un d
t h a t  t h e  r a t e  o f  g l u c o s e  u t i l i z a t i o n  was i n c r e a s e d  t w o f o l d  
i n  P H A - s t im u la te d  ly m p h o c y te s  and t h a t  p y r u v a t e  f o r m a t i o n  and 
t h e  p e n t o s e  c y c l e  a c t i v i t y  were i n c r e a s e d .  M acH aff ie  and 
Wang ( 196 7 ) had p r e v i o u s l y  shown t h a t  t h e  p e n t o s e  c y c l e  was 
enhanced  i n  s t i m u l a t e d  lym p h o c y te s  and i n t e r p r e t e d  t h i s  t o  
r e f l e c t  an  a d d i t i o n a l  need  f o r  b i o s y n t h e t i c  i n t e r m e d i a t e s  
and NADPH t o  accommodate t h e  m i t o t i c  a c t i v i t y  in d u ce d  by 
PHA. Poos  and Loos (1 97 0 )  found  t h a t  PHA c au se d  e a r l y  
ch an g e s  i n  t h e  l e v e l s  o f  g l y c o l y t i c  i n t e r m e d i a t e s  and ATP and 
ADP, and c o n c lu d e d  t h a t  PHA s t i m u l a t e s  p r o c e s s e s  consuming 
e n e r g y ,  t h e  demand f o r  which i s  met i n i t i a l l y  by g l y c o l y s i s  
and s u b s e q u e n t l y  by t h e  K rebs  C y c l e .  Sagone e t  a l  (1 9 7 4 )  
h ave  c o n f i r m e d  t h a t  i n c r e a s e d  p e n t o s e  c y c l e  a c t i v i t y  and 
g l y c o l y s i s  o c c u r  d u r i n g  lym phocy te  t r a n s f o r m a t i o n .  G lycogen  
p a r t i c l e s  a c c u m u la te  a f t e r  24-h i n  PEA s t i m u l a t e d  c e l l s  
( Q u a g l in o  and Hayhoe,  19&5) i n d i c a t i n g  t h a t  no t  a l l  o f  t h e  
g l u c o s e  t a k e n  up by t h e  c e l l  i s  used  i m m e d ia te l y  f o r  e n e r g y  
p r o d u c t i o n .
Lymphocyte t r a n s f o r m a t i o n  i s  b i o c h e m i c a l l y  a v e r y  complex  
p r o c e s s ,  o f  which  ’ o u r  c u r r e n t  u n d e r s t a n d i n g  r e m a in s  
d e s c r i p t i v e ’ , ( L u c a s ,  1 9 7 1 ) .  A s i m i l a r  v i e w  was e x p r e s s e d  
by Maino e t  a l  (1974)>  when d i s c u s s i n g  t h e  i n i t i a l  b i o c h e m i c a l  
c h a n g e s ,  ’ t h e  s e q u e n c e ,  r e l a t i v e  i m p o r t a n c e  and c o n t r o l  o f  
t h e s e  e v e n t s  a r e  n o t  y e t  d e f i n e d ’ . T h i s  l a c k  o f  d e f i n i t i o n  
o f  t h e  im p o r t a n c e  o f  t h e  v a r i o u s  b i o c h e m i c a l  c h a n g e s  t h a t  
o c c u r  i n  lym phocy te  t r a n s f o r m a t i o n  may be i l l u s t r a t e d  by 
t h e  a s s e r t i o n  o f  Maino e t  a l  t h a t  ’ lym phocy te  t r a n s f o r m a t i o n  
i s  t h e  r e s u l t  o f  a d i r e c t  a f f e c t  o f  m i to g e n  (PHA) on t h e  
p e r m e a b i l i t y  o f  t h e  p la s m a  membrane t o  Ca^+ t , (Maino e t  a l , 
1974 ) and D i a m a n t s t e i n  and TJlmer’s s u g g e s t i o n  t h a t  ’Ca2+ i s  
r e q u i r e d  f o r  a s t e p  p r e c e d i n g  DNA s y n t h e s i s ,  b u t  n o t  f o r  t h e  
ea r ly*1 i n i t i a l  p h a se  o f  t r a n s f o r m a t i o n ’ ( D i a m a n t s t e i n  and 
Ulmer , 1 9 7 5 h ) .
1*4 INHIBITORS OF LYMPHOCYTE TRANSFORMATION
A l a r g e  number o f  compounds h av e  b e e n  a s s e s s e d  f o r  
a c t i v i t y  a g a i n s t  lym phocy te  t r a n s f o r m a t i o n .  The d e g r e e  o f  
i n h i b i t i o n  o f  lym phocy te  t r a n s f o r m a t i o n  h a s  b e e n  u s u a l l y  
m easu red  by s t u d y  o f  t h e  e f f e c t  o f  compound on t h e  
i n c o r p o r a t i o n  o f  j^H |- thymidine  i n  m i to g e n  ( g e n e r a l l y  PHA)- 
s t i m u l a t e d  c u l t u r e s .
The l i t e r a t u r e  p r i o r  t o  1967 h a s  b e e n  re v ie w e d  by  
L ing  ( 1 9 6 8 ) ,  who names c h l o r o q u i n e ,  c o r t i c o s t e r o i d s ,  n i t r o g e n  
m u s t a r d ,  s a l i c y l a t e ,  m e r c a p t o e t h a n o l , a c t i n o m y c i n ,  p u r o m y c in ,  
c y c l o h e x i m id e  and 5 - f l u o r o - 2 - d e o x y u r i d i n e  a s  p o t e n t  i n h i b i t o r s  
o f  lym phocy te  t r a n s f o r m a t i o n .  O t h e r  compounds,  such  a s  
i n d o m e t h a c i n ,  f l u f e n a m i c  a c i d ,  a l s o  i n h i b i t  lym phocy te  
t r a n s f o r m a t i o n  b u t  o n l y  a t  c o n c e n t r a t i o n s  c o n s i d e r e d  t o  be  
p h a r m a c o l o g i c a l l y  u n r e a l i s t i c  ( L i n g ,  1968 ) .
S u b s e q u e n t  t o  L i n g ’ s r e v i e w  many o t h e r  d r u g s ,  a n t i b i o t i c s  
and a n t i m e t a b o l i t e s ,  have  b e e n  found  t o  i n h i b i t  lym phocy te  
t r a n s f o r m a t i o n .( T a b le  1 ) .
V a r i o u s  e x t r a c t s ,  o r  f a c t o r s  from b i o l o g i c a l  m a t e r i a l  
have  a l s o  b e e n  shown t o  i n h i b i t  lym phocyte  t r a n s f o r m a t i o n  
( T a b l e  2 ) . .
The r e l e v a n c e  o f  t h e s e  i n  v i t r o  e f f e c t s  t o  t h e  i n  v i v o  
s i t u a t i o n  i s  n o t  known f o r  many o f  t h e  a g e n t s ,  b u t  a d m i n i s t r a t i o n  
o f  s a l i c y l a t e s  t o  p a t i e n t s  h a s  b e e n  shown t o  d e c r e a s e  t h e  
i n  v i t r o  r e s p o n s i v e n e s s  o f  t h e  ly m p h ocy tes  t o  m i t o g e n -  
s t i m u l a t i o n  ( G a n tn e r  e t  a l , 1 9 6 6 ; G ro u t  e t  a l , 1 9 7 5 ) .  S i m i l a r l y  
i n  v i t r o  i n h i b i t i o n  o f  t h e  s t i m u l a t i o n  o f  p a t i e n t s ’ l y m p h o c y te s  
h a s  b e e n  r e p o r t e d  f o r  c i s - p l a t i n o u s  d i a m m i n o d i c h l o r i d e  (Khan 
and H i l l ,  1973)  when t h e  compounds were a d m i n i s t e r e d  t o  
p a t i e n t s .
The mechanism o f  a c t i o n  o f  t h e  a g e n t s  and n a t u r a l
s u b s t a n c e s  ( T a b l e s  1 and 2) which  i n h i b i t  lym phocyte  
t r a n s f o r m a t i o n  a r e  m o s t ly  u n c e r t a i n .  The a n t i m e t a b o l i t e s , 
su c h  a s  6 - m e r c a p t o p u r i n e , and a n t i b i o t i c s ,  su c h  a s  a d r i a m y c i n ,  
p r o b a b l y  a c t  by i n t e r f e r e n c e  w i t h  n u c l e i c  a c i d  s y n t h e s i s .  
R i f a m p i c i n  i n h i b i t s  RM  p o ly m e ra s e  i n  P H A - s t im u la te d  ly m p h o c y te s  
(pogo ,  1972b') b u t  3~deoxy o d e n o s in e  d id  n o t  a f f e c t  t h i s  enzyme, 
a l t h o u g h  i t  i n h i b i t e d  RITA s y n t h e s i s  (P o g o ,  1 9 7 4 ) .
Some i n h i b i t o r s  o f  lym phocy te  t r a n s f o r m a t i o n ,  such  a s  
p r o s t a g l a n d i n s  (Webb e t  a l , 1974) and  t h e  e n t e r o t o x i n  f rom 
V i b r i o  C h o l e r a e  ( H a r t  and F i n k e l s t e i n ,  1975) have  b e e n  
s u g g e s t e d  t o  a c t  v i a  t h e  cycl ic -AM P s y s te m .  Cyclic-AMP and 
cycl ic-GMP h av e  a n t a g o n i s t i c  e f f e c t s  i n  many b i o l o g i c a l  
sy s te m s  ( E s t e n s e n  e t  a l , 1973; G o ld be rg  e t  a l , 1 9 7 3 ) .
Cyclic-GMP i s  known t o  i n c r e a s e  i n  P H A - s t im u la te d  ly m p h o c y te s  
(Hadden e t  a l , 1972) and e x t r a c e l l u l a r  c y c l i c —AMP w i l l  i n h i b i t  
lym phocy te  t r a n s f o r m a t i o n  ( D i a m a n t s t e i n  and U lm er ,  1 9 7 5 ^ .
I t  seems l i k e l y  t h a t  compounds w hich  r a i s e  t h e  i n t r a c e l l u l a r  
cycl ic-AMP l e v e l  b y ,  f o r  e x am p le ,  t h e  i n h i b i t i o n  o f  
p h o s p h o d i e s t e r a s e ,  o r  by  t h e  s t i m u l a t i o n  o f  a d e n y l  c y c l a s e ,  
w i l l  i n h i b i t  lym phocy te  t r a n s f o r m a t i o n .  H a r t  and F i n k e l s t e i n  
(19 7 5 )  s u g g e s t e d  t h a t  t h e  e n t e r o t o x i n  o f  V i b r i o  C h o l e r a e  
s t i m u l a t e d  a d e n y l  c y c l a s e .
A f u r t h e r  p o s s i b l e  mode o f  a c t i o n  f o r  s u b s t a n c e s  t h a t  
i n h i b i t  m i t o g e n - s t i m u l a t e d  lym phocy te  t r a n s f o r m a t i o n  i s  t h e  
i n h i b i t i o n  o f  t h e  b i n d i n g  o f  m i to g e n  t o  t h e  l y m p h o c y te .  
N - a c e t y l - D - g a l a c l o s a m i n e  i s  b e l i e v e d  t o  i n h i b i t  P H A - s t im u la te d  
lym phocy te  t r a n s f o r m a t i o n  i n  t h i s  way ( F i s h e r  and  M u e l l e r ,  1969a )  
Y a c h r i n  (1975)  showed t h a t  f e t u i n ,  a g l y c o p r o t e i n ,  i n h i b i t e d  
PHA- s t i m u l a t e d  lym phocy te  t r a n s f o r m a t i o n  by a  s i m i l a r  m echanism .
TABLE 1 .  A g e n t s  T h a t  I n h i b i t  Lymphocyte T r a n s f o r m a t i o n  I xlJLLLeQ.
S u b s t a n c e
C h lo rp ro m a z in e
A m antad ine
D i p h e n y lh y d a n to i n
H a lo th a n e
P e n i c i l l a m i n e
D i e t h y l s t i l b o e s t r o l
S a l i c y l a t e
P r e d n i s o l o n e
M ethy l  p r e d n i s o l o n e
A z a t h i o p r i n e ,  6 - T h i o g u a n i n e , 
C h l o r a m b u c i l
6- M e r c a p to p u r i n e
H y d ro x yu rea
A d r ia m y c in
Hydroxamic A c id s
R i f a m p i c i n
C i s - p l a t i n o u s  d iam m in o d i -
c h l o r i d e
I s o p e n t e n y l  a d e n o s i n e
3 -Deoxy a d e n o s i n e
T r a n s i t i o n  m e ta l  i o n s 9 
( e . g .  Cd2 + , Co2 +, Mn
B e r y l l i u m  compounds
R e f e r e n c e
P i s c i o t t a  e t  a l  (19& 7) .
M ard iney  and B r e d t  ( 1 9 7 1 ) .
Mackinney and Vyas ( 1 9 7 2 ) .
B ru ce  ( 1 9 7 2 ) ;  C u l l e n  e t  a l  ( 1 9 7 2 ) .
R oa th  and W i l l s  ( 1 9 7 4 ) .
A b l i n  e t  a l  ( 1 9 7 4 ) .
F o r b e s  and Sm ith  ( 1 9 6 7 ) ;  Pachman 
e t  a l  ( 1 9 7 1 ) ;  O p e lz  and T e r a s a k i
1 1 9 7 3 ) .  .
Tormey e t  a l  ( 1 9 6 7 ) ;  B r i n g s  e t  a l  
( 1 9 7 0 ) .
Webel e t  a l  ( 197I4. ) .
Sm ith  and F o rb e s  (1967  and 1 9 7 0 ) .
If It t t  t f  tt tt
Topping  e t  a l  ( 1968 ) .
Massimo e t  a l  ( 1 9 7 0 ) .
G a le  and C a rn e s  ( 1 9 7 1 ) .
. N i I s s o n  ( 1971 ) .
Khan and H i l l  ( 1 9 7 1 ) .
G a l lo  e t  a l  ( 1969 ).
Pogo ( 1 9 7 4 ) #
and N i2 + )B e rg e r  and S k i n n e r  ( 1 9 7 4 ) .  
J o n e s  and Amos ( 1 9 7 5 ) .
TABBE 2 .  N a t u r a l  S u b s t a n c e s  and F a c t o r s  From B i o l o g i c a l
M a t e r i a l  T h a t  I n h i b i t  Lymphocyte T r a n s f o r m a t i o n  
l n - Y i t r o .
S u b s t a n c e  o r  s o u r c e
F a c t o r  from c u l t u r e d  human 
lymphoma c e l l s
F a c t o r  from c u l t u r e d  human 
l y m p h o b la s t  c e l l s
P r o s t a g l a n d i n s
Sem in a l  f l u i d
F e t u i n
S t r e p t o l y s i n  0 
( h a e m o l y t i c a l l y - a c t i v e )  •
E n t e r o t o x i n  from 
V i b r i o  C h o le r a e
F a c t o r  from S t r e p t o c o c c i , 
g roup  A
U n s a t u r a t e d  f a t t y  a c i d s ,  
e . g .  l i n o l e i c  and a r a c h i d o n i c  
a c i d s
R e f e r e n c e
H e rsh  and Drewinko ( 197k ) .
H e rsh  e t  a l  ( 1 9 7 4 ) .
Webb e t _ a l - ( 1 974 ) .
S t i t e s  and E r i c k s o n  ( 1 9 7 5 ) .  
Y a c h r i n  ( 1 9 7 5 ) .
A n d e rson  and Cone, ( 1 9 7 4 ) .
H a r t  and F i n k e l s t e i n  ( 1 9 7 5 ) .
M a la k ia n  and K a l o u s t i a n  (1975)
M e r t i n  and Hughes ( 1 9 7 5 ) .
1 -5 RHEUMATOID ARTHRITIS
Rheumato id  a r t h r i t i s  i s  an  in f l a m m a to r y  d i s e a s e  o f  t h e  
synovium t h a t  l e a d s  t o  d e s t r u c t i v e  changes  i n  t h e  j o i n t s  and 
i s  o f t e n  a s s o c i a t e d  w i t h  t h e  p r e s e n c e  o f  abnorm al  a n t i b o d i e s  
(R heum ato id  F a c t o r )  ±n t h e  b l o o d .  I t  i s  a m a jo r  c a u se  o f  
s u f f e r i n g  and economic  l o s s  f rom i l l n e s s  (Rheumatism and 
A r t h r i t i s  i n  B r i t a i n ,  1973)® The e l d e r l y ,  e s p e c i a l l y  f e m a l e ,  
a r e  most f r e q u e n t l y  a f f e c t e d .  '
The u n d e r l y i n g  ' c a u s e . o f  r h e u m a to id  a r t h r i t i s  i s  unknown. 
I n i t i a l l y  t h e  d iseas -e  was b e l i e v e d  t o  be  due t o  b a c t e r i a l  
i n f e c t i o n  o f  t h e  j o i n t s .  S u b s e q u e n t l y  i t  was s u g g e s t e d  t h a t  
au to- imm une mechanisms were i m p o r t a n t ,  however t h e  a n t i g e n  
r e s p o n s i b l e  h a s  n o t  b e e n  i d e n t i f i e d .  The p a t h o l o g y  o f  t h e  
a f f e c t e d  j o i n t s  i n  r h e u m a to id  a r t h r i t i s  i s  c o n s i s t e n t  w i t h  a 
c h r o n i c  immune r e s p o n s e  i n v o l v i n g  l o c a l  a n t i b o d y  p r o d u c t i o n .  
E v id e n c e  f o r  t h e  p r e s e n c e  o f  mycoplasma ( W i l l i a m s  e t  a l f 1970) 
and v i r u s e s ,  e s p e c i a l l y  r u b e l l a ,  ( Qgra  e t a l i n  r h e u m a to i d  
s y n o v i a l  . t i s s u e  h a s  b e e n  i n t e r p r e t e d  t o  s u g g e s t  t h a t  i n f e c t i o n  
o f  t h e  j o i n t s  w i t h  t h e s e  a g e n t s  may be r e s p o n s i b l e  f o r  
i n i t i a t i n g  t h e  d i s e a s e .  Dumonde (1971)  s u g g e s t e d  t h a t  
r h e u m a to id  a r t h r i t i s  i s  due t o  a c e n t r a l  d e f e c t  i n  c e l l  m e d ia te d  
im m u n i ty ,  e s p e c i a l l y  t h e  s u r v e i l l a n c e  f u n c t i o n  p e r m i t t i n g  t h e  
p e r s i s t e n c e  o f  a n t i g e n  i n  t h e  j o i n t s ,  r e s u l t i n g  i n  immune complex 
f o r m a t i o n .  The c a u s e  o f  t h e  d e f e c t  c o u ld  be  v i r a l  i n f e c t i o n .  
Glynn (1 97 2 )  s u g g e s t e d  t h a t  exogenous  a n t i g e n ,  p r e s u m a b l y  a 
m i c r o - o r g a n i s m  p r e s e n t  i n  t h e  j o i n t s  c o u ld  c a u se  a s h o r t - l i v e d  
i n f l a m m a t i o n  i n  t h e  j o i n t s  due t o  t h e  immune r e s p o n s e  t o  t h e  
a n t i g e n  and t h a t  a u t o - a n t i g e n  r e l e a s e  c o u ld  o c c u r  d u r i n g  t h i s  
i n i t i a l  i n f l a m m a t i o n ,  r e s u l t i n g  i n  t h e  e s t a b l i s h m e n t  o f  a  
s e l f - p e r p e t u a t i n g  i m m u n o l o g ic a l l y  s p e c i f i c  i n f l a m m a to r y  r e a c t i o n .
W h a tev e r  t h e  i n i t i a t i n g  p r o c e s s ( e s ? )  a r e  i n  r h e u m a to i d  
a r t h r i t i s  i t  i s  b e l i e v e d  t h a t  ly so so m a l  enzymes a r e  r e s p o n s i b l e
f o r  many o f  t h e  c h a n g e s  t h a t  o c c u r  i n  rh e u m a to id  j o i n t s  
(Chayen  and B i t e n s k y ,  1971; W eissmann,  1 9 7 2 ) .  Immune c o m p le x e s ,  
p o s s i b l y  b e tw ee n  rh e u m a to id  f a c t o r  and a l t e r e d  IgG a c t i v a t e  
complement ( Z v a i f l e r ,  1 9 7 3 ) ,  and c a u s e  p o ly m o r p h o n u c le a r  
l e u k o c y t e s  t o  i n f i l t r a t e  t h e  j o i n t s .  These  l e u k o c y t e s  and 
a l s o  t h e  l i n i n g  c e l l s  o f  t h e  s y n o v i a l  membrane p h a g o c y t o s e  
immune com plexes  and r e l e a s e  l y s o s o m a l  enzymes (W eissm ann,  1972.)
: '  Lysosom al  enzymes a r e  c a p a b le  o f  h y d r o l y s i n g
m a c ro m o le cu le s  (Weissmann and D ukor ,  1970) and o f  c a u s i n g  t i s s u e  
d e s t r u c t i o n ,  f o r  exam ple ,  t h a t  o f  c a r t i l a g e  m a t r i x  by  c a t h e p s i n  D 
( A l i ,  1 9 6 ^ ) .  L ysosom al  enzymes may a l s o  be r e s p o n s i b l e  f o r  t h e  
h y p e r t r o p h y  and h y p e r p l a s i a  ‘o f  s y n o v i a l  l i n i n g  c e l l s  found  i n  
r h e u m a to id  j o i n t s  (Weissmann, 1 9 7 2 ) .  The a b s e n c e  o f  r h e u m a to i d  
f a c t o r  from t h e  serum i n  a b o u t  20% 0f  r h e u m a to id  a r t h r i t i c s  
and  i t s  p r e s e n c e  i n  n o n - r h e u m a to id  p a t i e n t s  ( G ly n n ,  1968 ) and 
t h e  o c c u r r e n c e  o f  r h e u m a to id  l e s i o n s  i n  p a t i e n t s  w i t h  
agam m aglobu l inaem ia  ( G i t l i n  e t  a l t 1939) s u g g e s t  t h a t  immune 
com plexes  o t h e r  t h a n  t h o s e  i n v o l v i n g  rh e u m a to id  f a c t o r  may be 
r e s p o n s i b l e  f o r  t h e  r e l e a s e  o f  l y s o s o m a l  enzymes.
A f u r t h e r  f e a t u r e  o f  t h e  j o i n t s  o f  r h e u m a to id  a r t h r i t i s  
i s  i n f i l t r a t i o n  o f  ly m p h o c y te s  i n t o  t h e  s y n o v i a ,  o f t e n  f o r m in g  
f o l l i c u l a r  c l u s t e r s  a ro u n d  which  p la sm a  c e l l s  a r e  fo un d  
( Z v a i f l e r ,  1 9 7 3 ) .  I n  t h e  s y n o v i a l  f l u i d  o f  r h e u m a to i d  j o i n t s  
t h e  p r o p o r t i o n  o f  B ly m p h o c y te s  i s  a b o u t  h a l f  t h a t  found  i n  
t h e  b lo o d  o f  t h e  p a t i e n t s  and t h e  p r o p o r t i o n  o f  T ly m p h o c y te s  
i n  t h e  s y n o v i a l  f l u i d  i s  c o r r e s p o n d i n g l y  i n c r e a s e d  ( F r o l a n d  
e t  a l , 1973;  W i n c h e s t e r  e t  a l , 1973; S h e ld o n  e t  a l , 19714) .
The T - ly m p h o c y te s  i n  rh e u m a to id  s y n o v i a l  f l u i d  r e s p o n d  p o o r l y  
t o  PHA compared v / i th  b lo o d  T ly m p h o c y t e s ,  b u t  h a v e  a  h i g h e r  
s p o n t a n e o u s  u p ta k e  o f  j^E j- thym id ine  i n d i c a t i n g  p r i o r  s t i m u l a t i o n  
by  a n t i g e n  i n  t h e  synovium (S h e ld o n  e t  a l , 197^ ) .  T r a n s f o r m a t i o n  
o f  a u t o l o g o u s  ly m p h o c y te s  by  r h e u m a to id  s y n o v i a l  f l u i d ,  b u t  no t  
by  n o n - r h e u m a to id  s y n o v i a l  f l u i d  h a s  b e e n  d e s c r i b e d ,  i n d i c a t i n g  
c e l l u l a r  immunity  t o  a n t i g e n s  i n  t h e  rh e u m a to id  f l u i d  ( K i n s e l l a ,  
1 9 7 3 ) .  These  o b s e r v a t i o n s  s u g g e s t  t h a t  c e l l - m e d i a t e d  im m uni ty
may be  i m p o r t a n t  i n  r h e u m a to id  a r t h r i t i s .  S i m i l a r l y  hum ora l  
im m unity  i s  c o n s i d e r e d  t o  be i m p o r t a n t  a s  m a n i f e s t e d  by 
rh e u m a to id  f a c t o r  and t h e  p r e s e n c e  o f  immune com plexes  i n  t h e  
j o i n t s .  The r o l e  o f  c e l l - m e d i a t e d  immunity  i n  rh e u m a to id  
a r t h r i t i s  i s  s u p p o r t e d  by t h e  f i n d i n g  o f  c e l l u l a r  immunity  
t o  a u t o l o g o u s  IgG by b lo o d  ly m p h o c y te s  o f  r h e u m a to id  p a t i e n t s  
( W e i s b a r t  e t  a l , 1975)  and t h e  d e t e c t i o n  o f  ly m phok ines  i n  
r h e u m a to i d  s y n o v i a l  f l u i d  ( S t a s t n y ,  1973;  Z i f f ,  1973;  S t a s t n y  
e t  a l , 1 9 7 5 ) .  P r o l i f e r a t i n g  T ly m p h o c y te s  i n  t h e  r h e u m a to i d  
j o i n t s  may c o - o p e r a t e  w i t h  B ly m p h o c y te s  i n  t h e  l o c a l  p r o d u c t i o n  
o f  a n t i b o d y  w i t h  r e s u l t i n g  f o r m a t i o n  o f  immune com plexes  ( Z i f f ,  
1 9 7 3 ) .
,The p r e s e n c e  o f  m ac ro p h ag e - lym p ho c y te  r o s e t t e s  i n  
rh e u m a to id  s y n o v i a l  f l u i d  c e l l  c u l t u r e s ,  i n v o l v i n g  m a in ly  
T - ly m p h o c y te s  (Hepburn  e t  a l , 197*0 s u g g e s t s  t h a t  a n t i g e n  i s  
p r e s e n t  i n  t h e  s y n o v i a l  f l u i d  and t h a t  an  immune r e s p o n s e  t o  
t h e  a n t i g e n  o c c u r s .  ' :
The r e l a t i v e  r o l e s  o f  B and T lym ph o cy tes  i n  t h e  p a th o g e n e s  
o f  rh e u m a to id  a r t h r i t i s  a r e  n o t  y e t  known ( M e s s n e r ,  19 7 *0 ,  b u t  
t h e r e  i s  s u f f i c i e n t  e v id e n c e  f o r  t h e  b e l i e f  t h a t  B and  T 
ly m p h ocy tes  p r o v i d e  t h e  l i n k  b e tw e e n  t h e  unknown i n i t i a t i n g  
c o u r s e  o f  rh e u m a to id  a r t h r i t i s  and t h e  f i n a l  ly s o s o m e - m e d ia t e d  
j o i n t  d e s t r u c t i o n .
1 * 6  THE DRUG TREATMENT OF RHEUMATOID AR TH RITIS
The number o f  d r u g s  u se d  i n  t h e  t r e a t m e n t  o f  r h e u m a to i d  
a r t h r i t i s  i s  l a r g e  and t h i s  may g i v e  seme i n d i c a t i o n  o f  t h e  
e f f e c t i v e n e s s  o f  t h e s e  d r u g s .  Many o f  t h e  d ru g s  u se d  
t r a d i t i o n a l l y  t o  t r e a t  r h e u m a to id  a r t h r i t i s  a r e  a c i d i c  
n o n - s t e r o i d a l  a n t i - i n f l a m m a t o r y  d r u g s ,  exam ples  a r e  s a l i c y l a t e s  
( e s p e c i a l l y  a c e t y l s a l i c y l i c  a c i d ) ,  p h e n y l b u t a z o n e ,  i b u p r o f e n ,  
i n d o m e t h a c in  and n a p r o x e n .  G l u c o c o r t i c o s t e r o i d s ,  s u c h  a s  
p r e d n i s o n e  and p r e d n i s o l o n e  a r e  a l s o  u s e d ;  h y d r o c o r t i s o n e  
a c e t a t e  may be i n j e c t e d  i n t o  t h e  r h e u m a to id  j o i n t s .  The 
a n t i m a l a r i a l  compound c h l o r o q u i n e  and v a r i o u s  g o ld  p r e p a r a t i o n s ,  
su c h  a s  sodium a u r o t h i o m a l a t e , a r e  employed i n  t h e  t r e a t m e n t  
o f  r h e u m a to id  a r t h r i t i s .  R e c e n t l y  o t h e r  d ru g  t r e a t m e n t s ,  
such  a s  t h e  use  o f  t h e  im m u n o sup p ress iv e  a g e n t s  c y c lo p h o sp h a m id e  
and a z a t h i o p r i n e  ( C u r r e y  e t  a l . I 97JL4) , and p e n i c i l l a m i n e  (G o rd o n ,  
197*1-) h ave  b e en  i n t r o d u c e d .
The m a j o r i t y  o f  t h e s e  d r u g s  o n l y  a f f e c t  t h e  symptoms o f  
rh e u m a to id  a r t h r i t i s .  • D u t h r i e  ( 1971 ) c o n s i d e r e d  t h a t  o n l y  
g o ld  p r e p a r a t i o n s  and c h l o r o q u i n e  have  t r u e  a n t i - r h e u m a t i c  
a c t i v i t y .  The s t u d y  o f  C u r r e y  e t  a l  (1974)  com par ing  t h e  
e f f e c t i v e n e s s  o f  im m u n o su p p re ss iv e s  and g o ld  s u g g e s t s  t h a t  
im m u n o su p p re ss iv e s  may a l s o  have  t r u e  a n t i - r h e u m a t i c  a c t i v i t y .  .
The d ru g s  which  a r e  b e l i e v e d  t o  p o s s e s s  t r u e  a n t i ­
r h e u m a t i c  a c t i v i t y ,  n am e ly ,  c h l o r o q u i n e ,  g o ld  and 
i m m u n o s u p p r e s s iv e s ,  have  a p p r e c i a b l e  s i d e  e f f e c t s  and h en ce  
a r e  g e n e r a l l y  r e s e r v e d  f o r  s e v e r e l y  a f f e c t e d  p a t i e n t s .  The 
n o n - s t e r o i d a l  a n t i - i n f l a m m a t o r y  d r u g s ,  which  a l s o  h a v e  
a d v e r s e  s i d e  e f f e c t s  e s p e c i a l l y  g a s t r o - i n t e s t i n a l  b l e e d i n g ,  
a r e  u se d  i n  p a t i e n t s  w i t h  a n  e a r l y  s t a g e  o f  t h e  d i s e a s e . -  
D u t h r i e  (1971)  c o n s i d e r e d  t h a t  a c e t y l s a l i c y l i c  a c i d  was t h e  
;d rug  o f  c h o i c e  f o r  t h e s e  e a r l y  s t a g e s ,  d o s e s  o f  5g o r  more 
p e r  day  b e i n g  r e q u i r e d  f o r  a n t i - i n f l a m m a t o r y  e f f e c t  (Boardman 
and H a r t ,  1967 ) .  I n d o m e th a c in  and p h e n y lb u t a z o n e  a r e  b o th
e f f e c t i v e  a n t i - i n f l a m m a t o r y  d r u g s ,  b u t  b o t h  c a n  c a u s e  
u n d e s i r a b l e  s i d e  e f f e c t s  ( B r o o k s ,  1 9 7 5 ) .  I b u p r o f e n ,  
a l t h o u g h  c l a i m e d  t o  b e  f r e e  o f  s i d e  e f f e c t s  i s  n o t  s u p e r i o r  
t o  a c e t y l s a l i c y l i c  a c i d  ( D a v i e s  a n d  A v e r y ,  1 9 7 1 ) .
S t e r o i d s  a r e  u s e d  i n  c a s e s  o f  r h e u m a t o i d  a r t h r i t i s  
m o re  s e v e r e  t h a n  t h o s e  t r e a t e d  w i t h  n o n - s t e r o i d a l  a n t i ­
i n f l a m m a t o r y  d r u g s  ( C o n s t a b l e  e t  a l . 1 9 75 ) .
1»6»1 Mechanism Of A c t i o n  Of Drugs Used I n  The 
T r e a tm e n t  Of Rheum ato id  A r t h r i t i s .
D r u g s  e f f e c t i v e  i n  t h e  t r e a t m e n t  o f  r h e u m a t o i d  a r t h r i t i s ,  
e s p e c i a l l j r  d r u g s  o f  t h e  a c i d i c  n o n - s t e r o i d a l  a n t i - i n f l a m m a t o r y  
g r o u p ,  h a v e  b e e n  t h e  s u b j e c t  o f  e x t e n s i v e  i n v e s t i g a t i o n  i n  
t h e  l a s t  d e c a d e  i n  a n  a t t e m p t  t o  i d e n t i f y  t h e i r  m e c h a n i s m ( s )  
o f  a c t i o n ,  (A d a m s  a n d  C o b b ,  1 9 6 7 ;  H i c h e n s ,  1 9 7 4 ) .
Much o f  t h i s  w o r k  w a s  i n i t i a t e d  t o  s e l e c t  s c r e e n i n g  
t e c h n i q u e s  w h i c h  v / o u l d  i d e n t i f y  s u p e r i o r  c o m p o u n d s  f o r  t h e  
t r e a t m e n t  o f  r h e u m a t o i d  a r t h r i t i s  a n d  o t h e r  c h r o n i c  
i n f l a m m a t o r y  c o n d i t i o n s .
A c i d i c  n o n - s t e r o i d a l  a n t i - i n f l a m m a t o r y  d r u g s  a r e  a c t i v e  
i n  many  t e s t  s y s t e m s  r e l a t e d  t o  t h e  p r o c e s s e s  w h i c h  a r e  
b e l i e v e d  t o  o c c u r  i n  i n f l a m m a t i o n ,  s u c h  a s  t h o s e  i n  t h e  j o i n t s  
o f  r h e u m a t o i d  a r t h r i t i c s .  T h e  a c i d i c  n o n - s t e r o i d a l  d r u g s  
a r e  p o l y v a l e n t ;  t h e i r  e f f e c t i v e n e s s  i n  t r e a t i n g  t h e  s y m p t o m s  
o f  r h e u m a t o i d  a r t h r i t i s  c a n n o t  b e  a s c r i b e d  t o  i n h i b i t i o n  o f  
o n e  p a r t i c u l a r  s t a g e  o f  t h e  i n f l a m m a t o r y  p r o c e s s e s .
T h e  i n h i b i t i o n  o f  p r o s t a g l a n d i n  s y n t h e t a s e  b y  a c i d i c  
n o n - s t e r o i d a l  a n t i - i n f l a m m a t o r y  d r u g s  h a s  r e c e i v e d  m uch  _ 
a t t e n t i o n  ( V a n e ,  1971; F l o w e r  a n d  V a n e ,  1974;  F l o w e r ,  1 9 7 4 ) .  
; T h e  p o t e n c y  o f  n o n - s t e r o i d a l  a n t i - i n f l a m m a t o r y  d r u g s  a s  
i n h i b i t o r s  o f  p r o s t a g l a n d i n  s y n t h e t a s e  c o r r e l a t e s  w e l l  w i t h  
t h e i r  t h e r a p e u t i c  e f f e c t s  ( F l o w e r  e t  a l , 1 9 7 2 ) .  P r o s t a g l a n d i n s
a r e  fo u n d  i n  i n f l a m m a to r y  s i t e s ,  f o r  exam ple  t h e  e x u d a te  
in d u c e d  i n  a n im a l s  by  c a r r a g e e n i n  ( W i l l i s ,  1969 ) and h a v e
b e e n  shown t o  in d u c e  i n f l a m m a to r y  e f f e c t s  when i n j e c t e d  i n t o  
dog knee  j o i n t s  (D iR osa  and W i l lo u g h b y ,  1 9 7 1 ) .
O th e r  e f f e c t s  o f  n o n - s t e r o i d a l  a n t i - i n f l a m m a t o r y  d r u g s  
which may be  i m p o r t a n t  i n  t h e i r  t h e r a p e u t i c  a c t i o n  i n c l u d e  
s t a b i l i z a t i o n  o f  ly s o s o m a l  membranes (T anaka  and I i z u k a ,  1 9 6 8 ; 
I g n a r r o ,  1971 and 1 9 7 2 ) ,  i n h i b i t i o n  o f  c o n n e c t i v e  t i s s u e  
a c t i v a t i o n  ( C a s t o r ,  1 9 7 2 ) ,  i n h i b i t i o n  o f  t h e  e f f e c t s  o f  v a r i o u s  
m e d i a t o r s  such  a s  b r a d y k i n i n  and *s l o w - r e a c t i n g  s u b s ta n c e s *  
( S h e n ,  1 9 7 2 ) ,  and i n h i b i t i o n  o f  p r o t e o l y t i c  enzymes (Sk idm ore  
and W h i t e h o u s e ,  1967 ) .  N o n - s t e r o i d a l  a n t i - i n f l a m m a t o r y  d r u g s  
s t a b i l i z e  serum p r o t e i n  (M izush im a ,  1964) and a c c e l e r a t e  
s u l p h y d r y l - d i s u l p h i d e  i n t e r c h a n g e  ( G e r b e r  e t  a l , 1967 ) .  The 
l a t t e r  e f f e c t  may be r e l e v a n t  t o  t h e  f o r m a t i o n  o f  a g g r e g a t e d  
IgG i n  t h e  j o i n t s  o f  rh e u m a to id  a r t h r i t i c s .  The a g g r e g a t i o n  
o f  IgG i s  a c c e l e r a t e d  by  h y a l u r o n i c  a c i d  ( G e r b e r  1975) which  
i s  p r e s e n t  i n  s y n o v i a l  f l u i d  a t  a  h i g h  c o n c e n t r a t i o n .  F u r t h e r  
e f f e c t s  o f  n o n - s t e r o i d a l  a n t i - i n f l a m m a t o r y  d r u g s  a r e  i n h i b i t i o n  
o f  p l a t e l e t  f u n c t i o n  ( 0 ! B r i e n ,  1968 ) and i n h i b i t i o n  o f  t h e  
m i g r a t i o n  o f  m ononu c lea r  c e l l s * ( D i  Rosa  e t  a l , 1972 ) .  The 
r e l a t i v e  im p o r t a n c e  o f  t h e  v a r i o u s  a c t i o n s  o f  n o n - s t e r o i d a l  
a n t i - i n f l a m m a t o r y  d ru g s  m en t ioned  above i n  t h e i r  t h e r a p e u t i c  
e f f e c t  i n  man i s  n o t  known, b u t  t h e  e f f e c t  on p r o s t a g l a n d i n  
s y n t h e t a s e  i s  p r o b a b l y  o f  c o n s i d e r a b l e  s i g n i f i c a n c e .
The mode o f  a c t i o n  o f  o t h e r  d r u g s  used  i n  t h e  t r e a t m e n t  
o f  rh e u m a to id  a r t h r i t i s  such  a s  c h l o r o q u i n e ,  g o ld  s a l t s ,  
s t e r o i d s  and p e n i c i l l a m i n e  i s  a s  u n c e r t a i n  a s  t h a t  o f  t h e  
a c i d i c  n o n - s t e r o i d a l  a n t i - i n f l a m m a t o r y  d r u g s .  C h l o r o q u i n e  
a c c u m u l a t e s  i n  lysosoraes  ( A l l i s o n  and Young, 1964) and i t s  
a n t i - r h e u m a t i c  a c t i v i t y  may be  due  e i t h e r  t o  i n h i b i t i o n  o f  
t h e  ly so so m a l  enzymes (Cowey and W h i t e h o u s e , 1966 ) o r  t o  
. s t a b i l i z a t i o n  o f  t h e  l y so so m a l  membrane, p r e v e n t i n g  enzyme 
r e l e a s e  (Weissmann, 1964 and 1 9 6 8 ) .  C h l o r o q u in e  a l s o  
a c c u m u l a t e s  i n  ly m p h o c y te s  ( F e d o r k o , 1967 ) .  C h l o r o q u i n e
i n h i b i t s  n u c l e i c  a c i d  s y n t h e s i s  (Bom enjoz ,  1971 ) ,  and w i l l  
t h e r e f o r e  e f f e c t  t i s s u e  p r o l i f e r a t i o n ,  such a s  t h a t  found 
i n  r h e u m a to id  j o i n t s ,  C h l o r o q u in e  a l s o  b l o c k s  s u l p h y d r y l -  
d i s u l p h i d e  i n t e r c h a n g e  ( G e r b e r ,  1 9 6 4 ) .
Gold s a l t s  a c c u m u la t e  i n  ly so som es  and i n h i b i t  l y s o s o m a l  
enzymes ( P e r s e l l i n  and Z i f f ,  1966 ; E n n i s  e t  a l , 1967;
Weissmann,  1 9 7 2 ) .  G o t t l i e b  e t  a l  (1972)  found  t h a t  g o ld  
s a l t s  a d m i n i s t e r e d  i n t r a m u s c u l a r l y  a c c u m u la te d  i n  i n f l a m m a to r y  
rh e u m a to id  j o i n t s  a t  s u f f i c i e n t l y  h i g h  c o n c e n t r a t i o n s  t o  
i n h i b i t  l y so so m a l  enzym es .  Gold s a l t s  b in d  t o  m a c r o m o le c u le s ,  
su c h  as  c o l l a g e n  (Adam e t  a l , 196 4 ) ,  n u c l e i c  a c i d s  ( E b e r l ,  1971) 
and im m u n og lo b u l in s  ( L o r b e r  e t  a l . 1972) and t h i s  may p r o v i d e  
a  mechanism f o r  t h e  u p t a k e  o f  go ld  i n t o  p h a g o c y t i c  c e l l s  
( L o r b e r  e t  a l , 1 972 ) .  Gold s a l t s  do n o t  s t a b i l i z e  ly s o s o m a l  
membranes ( P e r s e l l i n  and Z i f f ,  1 9 6 6 ; I g n a r r o ,  1 9 7 1 ) .
S t e r o i d s  such  a s  p r e d n i s o l o n e  a f f e c t  many o f  t h e  ;
p r o c e s s e s  which  o c c u r  i n  i n f l a m m a t i o n  (C lam an ,  1975) su c h  a s  
ly s o s o m a l  enzyme r e l e a s e  (W eissmann,  1 9 7 2 ) ,  c h e m o ta x i s  o f  
p o ly m o r p h o n u c le a r  l e u k o c y t e s  (Ward, 1966 ) ,  and t h e  m o b i l i t y  
and r a t e  o f  c e l l  d i v i s i o n  o f  m acrophages  (Pauve  and P i e r c e - C h a s e  
1 9 6 7 ) .  S t e r o i d s  h a v e  p ro fo u n d  e f f e c t s  on c e l l - m e d i a t e d  
im m u n i ty ,  b u t  l i t t l e  o r  no e f f e c t  on a n t i b o d y  s y n t h e s i s  i n  
man (T u c h in d a  e t  a l  1 9 7 2 ; B u t l e r  and R o s s e n ,  1 9 7 3 ) .  S t e r o i d s  
d e c r e a s e  t h e  number o f  c i r c u l a t i n g  ly m p h o c y te s  ( B o r e l l a  and 
G re en ,  1972) b u t  t h e  e f f e c t  i s  s h o r t - l i v e d  i n  man (Cha'i  and 
G i l b e r t ,  1 9 7 3 ) .  Man i s  a  s t e r o i d - r e s i s t a n t  s p e c i e s  compared 
w i t h ,  f o r  ex am ple ,  t h e  r a t ,  and t h e  d e c r e a s e  o f  l y m p h o c y te s  
r e f l e c t s  a r e d i s t r i b u t i o n  from t h e  c i r c u l a t i n g  p o o l  r a t h e r  
t h a n  lym phocy te  d e a t h  ( B o r e l l a  and G r e e n ,  1 9 7 2 ) .  Lew is  and 
P i p e r  (1975)  r e p o r t e d  t h a t  s t e r o i d s  i n h i b i t  t h e  r e l e a s e ,  b u t  
n o t  t h e  s y n t h e s i s  o f  p r o s t a g l a n d i n s ,  i n  c o n t r a s t  t o  
n o n - s t e r o i d a l  a n t i - i n f l a m m a t o r y  d ru g s  which i n h i b i t  t h e i r  
. . s y n th e s i s .  R e c e n t l y  i n h i b i t i o n  o f  p r o s t a g l a n d i n  s y n t h e s i s  
;by s t e r o i d s  h a s  b e en  r e p o r t e d  ( K a n t r o w i t z  e t  a l , 1975;
T a s h j i a n e t  a l , 1 9 7 5 ) .  S t e r o i d s  a r e  p o l y v a l e n t  compounds 
and t h e  r e l a t i v e  im p o r ta n c e  o f  t h e s e  a c t i o n s  i n  r h e u m a to i d
a r t h r i t i s  i s  unknown.
P e n i c i l l a m i n e  i s  a  s u l p h y d r y l  compound and r e a c t s  v / i th  
t h e  d i s u l p h i d e  b o n d s ,  such  a s  t h o s e  found  i n  R heum ato id  
F a c t o r ,  r e s u l t i n g  i n  d e p o l y m e r i z a t i o n  o f  t h e  F a c t o r  ( P a v e l k a  
e t  a l , 1 9 7 1 ) .  C l i n i c a l l y  however  t h e  r e s u l t i n g  d e c l i n e  i n  
t h e  amount o f  r h e u m a to id  f a c t o r  p r e s e n t  i n  t h e  serum o f  
p e n i c i l l a m i n e  t r e a t e d  r h e u m a to id  a r t h r i t i c s  d o es  n o t  c o r r e l a t e  
w i t h  c l i n i c a l  improvement  ( H u s k i s s o n  and B e r r y ,  1 9 7 4 ) .
The i m p o r t a n c e  o f  p e n i c i l l a m i n e * s  b i v a l e n t  m e t a l - c h e l a t i n g  
p r o p e r t i e s ,  e s p e c i a l l y  t h a t  o f  c o p p e r ,  a s  an e x p l a n a t i o n  o f  t h e  
compound’ s c l i n i c a l  e f f i c a c y  i s  u n d e c i d e d ,  th ou g h  t h e  e l e v a t e d  
serum c o p p e r  l e v e l  i n  r h e u m a to i d  a r t h r i t i s  s u g g e s t s  t h i s  
p r o p e r t y  may be  i m p o r t a n t  ( p a v e l k a  e t  a l . 1 971 ) .
1 * 7 CONCLUSION
The c a u s e  o f  r h e u m a to id  a r t h r i t i s  and t h e  p r o c e s s e s  
r e s p o n s i b l e  f o r  j o i n t  damage a r e  u n c e r t a i n ,  b u t  i t  i s  l i k e l y  
t h a t  immune m e c h a n i sm s ,b o th  t h o s e  i n v o l v i n g  B lym p h o c y te s  
(h u m o ra l  im m unity )  and T ly m p h o c y te s  ( c e l l - m e d i a t e d  im m u n i ty ) ,  
a r e  i m p o r t a n t  ( M e s s n e r ,  1 9 7 4 ) .  A n t i - i n f l a m m a t o r y  d r u g s  
p o s s e s s  many p r o p e r t i e s  which  may e x p l a i n  t h e i r  t h e r a p e u t i c  
a c t i v i t y .  The e f f e c t  o f  t h e s e  d r u g s  on lym phocy te  
t r a n s f o r m a t i o n  ( F o r b e s  and S m i th ,  19&7; O p e lz  and T e r a s a k i ,  1973
C r o u t  e t  a l , 1 9 7 5 ) ,  and on  t h e  c y t o t o x i c  a c t i v i t y  o f  su c h  
ly m p h o c y te s  (W inchurch  e t  a l , 1 9 7 4 ) may be p r o p e r t i e s  r e l e v a n t  
t o  t h e  t h e r a p e u t i c  a c t i v i t y  o f  d r u g s  i n  r h e u m a to id  a r t h r i t i s .
The e f f e c t i v e n e s s  o f  im m u n osu p p re ss iv e  d r u g s ,  su c h  a s  
c y c lo p h o s p h a m id e ,  i n  t h e  t r e a t m e n t  o f  r h e u m a to id  a r t h r i t i s  
(H u rd ,  1972;  C u r r e y  e t  a l , 1974) s u p p o r t s  t h e  b e l i e f  t h a t  
ly m p h ocy tes  a r e  i m p o r t a n t  i n  t h e  d i s e a s e .  However ,  t h e r e  
i s  c o n t r o v e r s y  o v e r  w h e th e r  cy c lo p h o sp h a m id e  a f f e c t s  b o t h  
B and T ly m p h o c y te s  (C le m e n ts  e t  a l , 1974; Hurd and G i u t i a n o ,  
1975) o r  s o l e l y  B ly m p ho cy tes  ( H o r w i t z ,  1 9 7 4 ) .
I n  t h e  s u b s e q u e n t  c h a p t e r s  o f  t h i s  t h e s i s  t h e  e f f e c t  o f  
a n t i - i n f l a m m a t o r y  d r u g s  and n o v e l  compounds on t h e  s y n t h e t i c  
a c t i v i t y  o f  P I I A - s t im u la t e d  g u i n e a - p i g  lymph node c e l l s  ( a  
T lym phocy te  f u n c t i o n )  i s  d e s c r i b e d .  The r o l e  o f  T ly m p h o c y te s  
i n  rh e u m a to id  a r t h r i t i s  i s  c o n t r o v e r s i a l .  I f  t h e  f u n c t i o n  o f  
T ly m p h o c y te s ,  such  a s  r e g u l a t i o n  o f  im m un o g lo b u l in  s y n t h e s i s ,  
i s  d e p r e s s e d  o r  d i s o r d e r e d  i n  some way, a s  h a s  been  s u g g e s t e d  
by Dumonde ( 1971 ) ,  any  i n h i b i t o r y  e f f e c t  o f  d r u g s  on 
T lym phocy te  f u n c t i o n  i n  r h e u m a to id  a r t h r i t i s  m igh t  be  
b e n e f i c i a l  b u t  1 n o r m a l iz in g *  t h e  immune r e s p o n s e  m ig h t  
a l t e r n a t i v e l y  e x a c e r b a t e  t h e  d i s e a s e .  I n t e r p r e t a t i o n  o f  t h e  
r e l e v a n c e  o f  t h e  e f f e c t  o f  d r u g s  on T ly m p h o c y te s  must  a w a i t  
g r e a t e r  knowledge o f  t h e  f u n c t i o n  o f  T ly m p h ocy tes  i n  t h e  
d i s e a s e  p r o c e s s  o f  rh e u m a to id  a r t h r i t i s .
CHAPTER TViO
MATERIALS AI1D METHODS
2*1 MATERIALS
2*1*1 A nim als
O a t - b r e d  male H a r t l e y - s t r a i n  g u i n e a - p i g s ,  o f  350g t o  U50g 
were o b t a i n e d  from H i l l c r e s t  R e s e a r c h  S t a t i o n ,  B e l t o n ,  
L e i c e s t e r s h i r e ,  and bedded on s t e r i l e  hay  i n  w i r e - b o t t o m e d  
c a g e s .  They r e c e i v e d  Oxoid food p e l l e t s  and w a t e r  c o n t a i n i n g  
a s c o r b i c  a c i d  ( l g  p e r  200ml) ad l i b i t u m ,  and f r e s h  c abb ag e  
d a i l y .
2*1*2 T i s s u e  C u l t u r e  M a t e r i a l s
E a g le * s  Min imal  E s s e n t i a l  Medium (MEM) b a t c h e s ,  M3011 
and U21kk was s u p p l i e d  by Wellcome R e a g e n ts  L i m i t e d ,  Beckenham, 
K e n t ,  as  was E a g l e * s  Minimal  E s s e n t i a l  Medium which  d i d  n o t  
c o n t a i n  t h e  amino a c i d  l e u c i n e ,  b a t c h e s  M20U2, 11373b ar d^ 11692* 
C o l o s t r u m - d e p r i v e d  c a l f  serum was o b t a i n e d  from Wellcome 
R e a g e n t s  L im i t e d  ( b a t c h e s  K2U65, K2812, K3138) and Flow 
L a b o r a t o r i e s ,  I r v i n e ,  A y r ,  (b a t c h  J^.0377). I t  was fo u nd  t h a t  
o t h e r  b a t c h e s  from t h e s e  s u p p l i e r s  ob ta ined ,  e x c l u s i v e l y  
d u r i n g  t h e  v ' i n t e r  months were n o t  s a t i s f a c t o r y  f o r  t h e  c u l t u r e  
o f  P H A - s t im u la te d  g u i n e a - p i g  lymph node c e l l s ,  d u e ,  p o s s i b l y ,  
t o  p r e s e n c e  o f  i n h i b i t o r y  s u b s t a n c e s .  P u r i f i e d  p h y to h ae m a g -  
g l u t i n i n  (PHA) was o b t a i n e d  from Wellcome R e a g e n ts  L i m i t e d ,  
b a t c h e s  K1360, K2^02 and Kl+i402. The optimum c o n c e n t r a t i o n  
o f  PHA which  s t i m u l a t e d  t h e  i n c o r p o r a t i o n  o f p f ^ - t h y m i d i n e  
by % x 106 g u i n e a - p i g  lymph node c e l l s  i n  10% serum a t  kO h o u r s  
was d e t e r m i n e d  f o r  e ach  b a t c h .  I t  was i n  t h e  r a n g e  1 t o  2/*g/ml.
2*1*3 C hem ica ls
H y d r o x y - e t h y l - p i p e r a z i n e - e t h y l - s u l p h o n i c  a c i d ,  HEPES, 
was o b t a i n e d  from Sigma London C h em ica l  Company a s  was b o v i n e  
serum a lb u m in  ( f r a c t i o n  V ) ,  b a t c h  113C-3430.  D ip h e n y l  o x a z o l e ,
l , 4 - d i £ 2 - ( 5 ~ p h e n y l - o x a z o l y l ) j - b e n z e n e  and lM -Kydroxide  o f  
Hyamine 10-X i n  m e th an o l  were o b t a i n e d  from P a c k a rd  L t d . ,  
Caversham , B e r k s .  F r e u n d ’ s Complete  A d ju v a n t  was o b t a i n e d  
from D i f c o  L a b o r a t o r i e s .  Ovalbumin was s u p p l i e d  by  B.D.H. 
C h e m ica l s  L t d . ,  P o o l e ,  D o r s e t .
O t h e r  c h e m i c a l s  w e r e  o f  a n a l y t i c a l  g r a d e  and  w e r e  
o b t a i n e d  f r o m  B . D . H .  C h e m i c a l s  L t d . ,  P o o l e ,  D o r s e t ,  o r  F i s o n s  
S c i e n t i f i c  E q u i p m e n t  L t d . ,  L o u g h b o r o u g h ,  L e i c e s t e r s h i r e .
2*1*4 A n t i - I n f l a m m a t o r y  Drugs And Novel Compounds
A n t i - i n f l a m m a t o r y  d r u g s  were o b t a i n e d  t h r o u g h  
Mr. H. R a d z i v o n ik  from Merck ,  S h a r p e ,  and Pohme, ( i n d o m e t h a c i n ) , 
Geigy  ( p h e n y l b u t a z o n e ) , B oo ts  p u r e  Drug Company L t d . ,  ( i b u p r o f e n ) ,  
May and B aker  L t d . ,  ( c h l o r o q u i n e ) ,  Glaxo L a b o r a t o r i e s  
( p r e d n i s o l o n e )  and P a r k e - B a v i s  ( f l u f e n a m i c  a c i d ) .  Sodium 
s a l i c y l a t e  and p - h y d r o x y - b e n z o i c  a c i d  were  p r o d u c t s  o f  
B r i t i s h  Drug Mouses L t d .  The p u r i t y  o f  t h e s e  s u b s t a n c e s  
was n o t  d e t e r m i n e d .  The P i s o n s  L t d . ,  P h a r m a c e u t i c a l  D i v i s i o n  
(FPL) compounds s u p p l i e d  by  t h e  D epar tm en t  o f  M e d i c i n a l  
C h e m i s t r y  were p u re  on t h e  c r i t e r i a  o f  one s p o t  i n  20 d i f f e r e n t  
t h i n  l a y e r  c h ro m a to g r a p h ic  s y s t e m s ,  and were used  a s  t h e  
s o l u b l e  sodium s a l t s ,  when a v a i l a b l e .
2*1*5 R a d io c h e m i c a l s
R a d i o - a c t i v e  m e t a b o l i c  p r e c u r s o r s  v / e r e  o b t a i n e d  f r o m  
t h e  R a d i o c h e m i c a l  C e n t r e ,  A m e r s h a m ,  i n  s t e r i l e  m u l t i d o s e  
v i a l s ,  a n d  a f t e r  d i l u t i o n  w i t h  n o r m a l  s t e r i l e  s a l i n e  s t o r e d  
a t  t h e  t e m p e r a t u r e  r e c o m m e n d e d  b y  t h e  s u p p l i e r .
^5-Methyl-^f lJ  _■ t h y m i d i n e , b a t c h e s  8 8 ,  36 and 101 ( 5 . 0  C i /m  
mole and > 98$ p u r e ) ,  j j j - ^ c ]  - L ~ l e u c i n e , b a t c h e s  79 and 85 
( a p p r o x i m a t e l y  3U0mCi/m mole and>97$ p u r e ) ,  D - 3 h] - u r i d i n e ,  
b a t c h e s  59 and 63 ( a p p r o x i m a t e l y  5 . 0  C i /m  mole and>  98$ p u r e )  
and [ l ^ - D - g l u c o s a m i n e ,  b a t c h  7 (1 .1C  i /m  mole and > 96$ p u r e )
were  d i l u t e d  so t h a t  s t o c k  s o l u t i o n s  c o n t a i n e d  100 ,  2 5 ?
100 and 2 5 /C i /m l  r e s p e c t i v e l y .
B e f o r e  u se  t h e s e  s o l u t i o n s  were d i l u t e d  w i t h  E a g l e Ts 
m inimal  e s s e n t i a l  medium ( 1 : 9 ?  v / v )  so t h a t  t h e  f i n a l  
s o l u t i o n  c o n t a i n e d  i n  0 . 1 m l ,  1 ,  0 . 2 5 ? ' 1  an(3 0 . 2 5 / C i  
r e s p e c t i v e l y .  - 6 , 8 - d i - t - b u t y l  ch ro m on e , p l i j  -FPL52806,
(3 .1m Ci/m mole)  was a g i f t  f r o m . I t . C . J . F .  A d d e r l e y ,  
F i s o n s  L td .  The compound was g e n e r a l l y  l a b e l l e d ;  t h e  
m a j o r i t y  o f  t h e  P a l  was i n  t h e  t - b u t y l  g r o u p s .
2 -2  GENERAL METHODS
2*2*1 C l e a n in g  Of G la ssw are
G e n e r a l  g l a s s w a r e  was so aked  i n  2% v / v  Decon 75 d e t e r g e n t  
r i n s e d  once  w i t h  t a p  w a t e r  and w i t h  d i s t i l l e d  w a t e r .  S t a i n l e s s  
s t e e l  g a u z e s  were p l a c e d  i n  5M-l\TaOH o v e r n i g h t  t o  d i g e s t  
a d h e r i n g  m a t e r i a l ,  and r i n s e d  i n  t a p  w a t e r ,  0.1M-HC1 and 
d i s t i l l e d  w a t e r .  S t a i n l e s s  s t e e l  M i l l i p o r e  f i l t e r s  were 
so a k ed  i n  1% v / v  H e d e r o l  d e t e r g e n t  and r i n s e d  i n  d i s t i l l e d  
w a t e r .  P i p e t t e s  were soaked  i n  P y ro neg  d e t e r g e n t  s o l u t i o n  
f o l l o w e d  by 1M-HC1 and r i n s e d  i n  t a p  w a t e r  and d i s t i l l e d  
w a t e r  ( s i x  r i n s e s ) .
2*2*2 S t e r i l i z a t i o n  Of G la ssw are  And O t h e r  M a t e r i a l s
G e n e r a l  g l a s s w a r e ,  wrapped i n  a lum in ium  f o i l ,  v/as s t e r i l i z e d  
i n  a  h o t  a i r  oven a t  160° f o r  2 h .  The n e c k s  o f  p i p e t t e s  were 
p lu g g e d  w i th  n o n - a b s o r b e n t  c o t t o n  wool and t r e a t e d  s i m i l a r l y .  
’ H i l l i p o r e ’ f i l t e r s , ' w r a p p e d  i n  a lum in ium  f o i l ,  were  a u t o c l a v e d  
a t  15 l b s .  p e r  s q u a r e  i n c h  p r e s s u r e  f o r  20 m in s .  i n  a vacuum 
a u t o c l a v e .  D e io n iz e d  w a t e r  f o r  u se .  i n  p r e p a r a t i o n  o f  
c u l t u r e  media  v/as s t e r i l i z e d  f o r  15 m ins .  a t  15 l b .  p e r  
s q u a r e  i n c h  s team  p r e s s u r e .  Drug s o l u t i o n s  i n  E a g l e * s  
m inimal  e s s e n t i a l  medium were s t e r i l i z e d  by ’ M i l l i p o r e *  
membrane f i l t r a t i o n  ( o . 2 2 / '  p o r e ) .
2*2*3 T r e a tm e n t  Of G u i n e a - P i g s  To In d u c e  E n l a r g e d
L.ymph Nodes
The method o f  Oppenheim e t  a l  ( 196 7 ) ,  d e s c r i b e d  by 
W o l s t e n c r o f t  and Dumonde ( 1970 ) was u s e d .  An e m u l s i o n  
( 0 .0 5 m l )  o f  F r e u n d ’ s Complete  A d ju v a n t  i n  s t e r i l e  n o rm al  
s a l i n e  ( 1 : 1 ,  v / v ) ,  v/as i n j e c t e d  i n t o  e ach  o f  t h e  g u i n e a - p i g ’ s 
paws.  The e n l a r g e d  d r a i n i n g  lymph nodes  were removed
t w e lv e  t o  t w e n ty  d a y s  a f t e r w a r d s ,  g e n e r a l l y  a t  l h  ± 1 d a y s .
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2 *2 *14. S e n s i t i z a t i o n  Of G u inea  P i g s  To Ovalbumin
Ovalbumin i n  s t e r i l e  s a l i n e  ( i rag /m l)  was e m u l s i f i e d  
w i t h  F r e u n d ’ s Com ple te  A d ju v e n t  ( 1 : 1  v / v )  and i n j e c t e d  i n t o  
t h e  paws o f  t h e  a n i m a l ,  so t h a t  e ach  g u i n e a - p i g  r e c e i v e d  
1 0 0 /g  o f  o v a lbu m in  i n  0 .2 m l  o f  t h e  e m u l s i o n .  The e n l a r g e d  
lymph nodes  were removed a t  l h  ± 1 d a y s .  S k in  t e s t i n g  a t  
t h i s  t i m e ,  by i n j e c t i o n  o f  5 / g  o f  ova lbum in  i n  0 . 1 m l  o f  
s a l i n e  i n t r a d e r m a l l y , r e v e a l e d  t h a t  t h e  a n im a l s  e x h i b i t e d  
a  s t a t e  o f  d e l a y e d  h y p e r s e n s i t i v i t y  t o  o v a lb u m in ,  and t h a t  
a n t i b o d y  p r o d u c t i o n  had a l s o  o c c u r r e d ,  s i n c e  r e d d e n i n g  and 
s w e l l i n g  o f  t h e  ova lbu m in  i n j e c t e d  s i t e s  o c c u r r e d  a t  one 
h o u r .
2*2*5 P r e p a r a t i o n  Of C u l t u r e  Medium
E a g l e ’ s Minimal E s s e n t i a l  Medium was p r e p a r e d  i n  500ml 
b a t c h e s  which  c o n t a i n e d  25ml o f  560mM H2PES 2M-Na0H b u f f e r ,  
pH 7 .6 7  and a l s o  2 x  10^ IU o f  p e n i c i l l i n  and lOOmg 
s t r e p t o m y c i n .  The f i n a l  pH o f . t h e  E a g l e ’ s medium was 7«h5 ±
0.05 at 37°• Colostrum-deprived calf serum was decomplemented 
by heating at 56° for 30 minutes.
2*2*6 P r e p a r a t i o n  Of Lymph Node C e l l s
The method d e s c r i b e d  by W o l s t e n c r o f t  and Dumonde (1 9 7 0 )  
was employed.  G u i n e a - p i g s  were k i l l e d  by c e r v i c a l  d i s l o c a t i o n  
and b l e d  by s e v e r i n g  t h e  ne ck  v e s s e l s .  The e n l a r g e d  lymph 
nodes  were removed a s e p t i c a l l y ,  a f t e r  m o i s t e n i n g  t h e  a n i m a l ’ s 
s k i n  w i t h  e t h a n o l .  The nodes  were p l a c e d  i n  5ml o f  E a g l e ’ s 
medium c o n t a i n i n g  5% v / v  decomplemented  c a l f  serum and  t h e  
a d h e r i n g  a d ip o s e  and c o n n e c t i v e  t i s s u e  removed.  A f t e r  
t r a n s f e r  t o  f r e s h  medium -  5/& serum t h e  nodes  were  t e a s e d
a p a r t  u s i n g  two s t e r i l e  n e e d l e s .  The E a g l e ’ s medium p l u s  
c e l l s  was p a s s e d  th r o u g h  a  s t a i n l e s s  s t e e l  g a u z e ,  (80  m esh ) ,  
and  t h e  t o r n  nodes  f u r t h e r  d i s i n t e g r a t e d  on t h e  gauze  u s i n g  
t h e  p i s t o n  o f  a  5ml d i s p o s a b l e  s y r i n g e ,  A f u r t h e r  25ml o f  
E a g l e ’ s medium -  3% serum was u se d  t o  wash t h e  c e l l s  t h r o u g h  
t h e  g a u z e .  The c e l l  s u s p e n s i o n  was c e n t r i f u g e d  a t  500g 
f o r  t e n  m in u te s  and a f t e r  s u c c e s s i v e  r e s u s p e n s i o n  washed t h r e e  
t i m e s  w i t h  E a g l e ’ s medium -  3% se rum . The c e l l s  were 
f i n a l l y  su sp en d e d  i n  10ml o f  E a g l e ’ s medium -  3% se rum . The 
above p r o c e d u r e s 'w e r e  p e r f o r m e d  i n  a  c a b i n e t  which  had  b e e n  
s t e r i l i z e d  by  o v e r n i g h t  u se  o f  an  u . v .  lamp.
2*2*7 Measurement  Of C e l l  Y i e l d  And V i a b i l i t y
The v i a b i l i t y  o f  t h e  lymph node c e l l s  was m easured  by 
a n  e o s i n - e x c l u s i o n  m e th od ,  ( W o l s t e n c r o f t  and Dumonde, 1 9 7 C )c 
The c e l l  s u s p e n s i o n  ( 0 . 5 m l )  v/as d i l u t e d  v/ i th  1 .5m l  o f  s a l i n e  
and 2 .0m l  o f  e o s i n  Y (0.8^b w/v)  i n  s a l i n e  v/as a d d e d .  A
sam ple  o f  t h e  s t a i n e d  c e l l  s u s p e n s i o n  was p l a c e d  i n  an
improved  ITieubaeur h a e m o c y to m e te r . A f t e r  a b o u t  t h r e e  
m in u te s  t o  a l l o w  t h e  c e l l s  t o  s e t t l e  i n  t h e  h a em o cy to m e te r  
chamber t h e  number o f  v i a b l e  u n s t a i n e d  lymph node c e l l s  was
o
c o u n te d  i n  a n  a r e a  o f  1mm u s i n g  p h a s e  c o n t r a s t ,  and a Wild  
m ic r o s c o p e .  The number o f  n o n - v i a b l e  ( s t a i n e d )  c e l l s ,  
v i a b l e  l a r g e  g r a n u l a r  c e l l s  which w ere  c o n s i d e r e d  t o  be 
m ac ro p h a g e s ,  and r e d  b lo o d  c e l l s ,  v/hich were r e a d i l y  
i d e n t i f i e d  by t h e i r  p a l e  s t a i n i n g  and b r i g h t  a p p e a r a n c e  
u n d e r  p h a s e  c o n t r a s t ,  were  a l s o  c o u n t e d .  The mean y i e l d  
o f  v i a b l e  lymph node c e l l s  v/as 3 oh* 0 . 9  x 10^ ( r a n g e  2 . 0  t o
5 . 1  x  10^) j_n t w e n ty  t y p i c a l  e x p e r i m e n t s .  The c o r r e s p o n d i n g
number o f  macrophages  was 0 . 2  ± 0 . 2  x 10? ( r a n g e  0 t o  0 . 4  x 107 ) 
and r e d  b lo o d  c e l l s  1 . 8  + 1 .0  x 107 ( r a n g e  0 . 8  t o  J+.8 x 107 ) .  
The mean p e r c e n t a g e  v i a b i l i t y  o f  t h e  lymph node c e l l s ,  t h a t  i s :
number o f  v i a b l e  lymph node c e l l s  x 100___________
t o t a l  number o f  dead and v i a b l e  lymph node c e l l s  
was 49% ± 4/S ( r a n g e  2Q% t o  37%) •
2*2*8 I n  V i t r o  C u l t u r e  O f  Lymph N o d e  C e l l s
Lymph node c e l l s  were c u l t u r e d  i n  v e r t i c a l  r o u n d - b o t to m e d  
g l a s s  t u b e s  13mra x 65mm i n  e x t e r n a l  d im e n s io n  s t o p p e r e d  w i t h  
s i l i c o n e  r u b b e r  b u n g s .  The volume o f  t h e  c u l t u r e s  was 2 .0m l  
and t h e i r  d e p th  was 2 . 7  cms. Each  c u l t u r e  o f  2 .0 m l  c o n t a i n e d  
E a g l e ’ s medium e n r i c h e d  w i t h  10% ( v / v )  decomplemented  c a l f  
serum and 2 x 10^ v i a b l e  lymph node c e l l  i n i t i a l l y .  PHA- 
s t i m u l a t e d  c u l t u r e s  g e n e r a l l y  c o n t a i n e d  l/*g/ml o f  t h e  m i to g e n .  
Drugs were added  i n  a p r o p o r t i o n  o f  t h e  E a g l e ’ s medium. 
R e p l i c a t e  c u l t u r e s  were  p r e p a r e d  from b u l k  r e a c t i o n s ,  
f r e q u e n t l y  o f  15mls which  p r o v i d e d  g e n e r a l l y  f i v e  i n d i v i d u a l  
r e p l i c a t e s  o f  2 .0m l  vo lum e .  The c u l t u r e s  were i n c u b a t e d  
i n  a w a t e r  b a t h  a t  37° w i t h o u t  sh a k in g  and w i t h  a i r  a s  t h e  
g a s  p h a se  f o r  v a r i o u s  t i m e s  d e p e n d in g  on t h e  b i o c h e m i c a l  
p a r a m e t e r  m ea su re d .
2 -3 DNA SYNTHESIS I N  CULTURES OF GUINEA-PIG  
LY?;PH NOPE CELLS
Lymphocyte s t i m u l a n t s  such  a s  PHA in d u c e  t h e  c e l l  t o  
t r a n s f o r m  and e v e n t u a l l y  d i v i d e .  P r i o r  t o  m i t o s i s  d u r i n g  
t h e  *5* p h a se  t h e  c e l l  d o u b l e s  i t s  chromosome number and 
PHA c o n t e n t  and w i l l  i n c o r p o r a t e  e x o g e n o u s ly  added p r e c u r s o r s  
s u c h  a s  t h y m id in e  i n t o  PNA. Measurement o f  t h e  i n c o r p o r a t i o n  
o f  ^3~methyl-^H*jthymidine i s  t h e  most  f r e q u e n t l y  d e t e r m i n e d  
p a r a m e t e r  f o r  a s s e s s i n g  t h e  d e g r e e  o f  lym phocy te  t r a n s f o r m a t i o n ,  
I t  h a s  b e e n  assumed t h a t  a l l  t h e  r a d i o a c t i v i t y  p r e s e n t  i n  
a c i d - i n s o l u b l e  m a t e r i a l  i s  due t o  p n j - t h y m i d i n e  i n c o r p o r a t e d  
i n t o  PHA. G o ld s p in k  and G o ldberg  (1973)  found  t h a t  s l i c e s  
o f  l i v e r ,  b r a i n  and k i d n e y  i n c o r p o r a t e d  t h e  l a b e l l e d  m a t e r i a l  
i n t o  l i p i d  and p r o t e i n  a f t e r  d e g r a d a t i o n  and t h a t  n o n - s p e c i f i c  
b i n d i n g  c o u ld  o c c u r  t o  p r o t e i n  and RNA. T hese  e f f e c t s  a r e  
l e s s  i m p o r t a n t  i n  a c t i v e l y  g rowing  t i s s u e  ( G o l d s p i n k  and 
G o ld b e rg ,  1 9 7 3 ) o The s p e c i f i c i t y  o f  - t h y m i d i n e  f o r  PNA 
s y n t h e s i s  t h e r e f o r e  i s  l i k e l y  t o  be g r e a t e r  i n  s t i m u l a t e d  
lymph node c e l l  c u l t u r e s  t h a n  i n  t h e i r  n o n - s t i m u l a t e d  c o n t r o l s .  
E v id e n ce  f o r  t h e  b reakdown o f  £•%] - t h y m i d i n e  i n  c u l t u r e s  o f  
human b lo o d  ly m ph o c y tes  t o  thym ine  and d ih y d r o th y m in e  when 
u s i n g  lo n g  i n c u b a t i o n s  h a s  b e en  r e p o r t e d  (C o op e r  and M i l t o n ,  
1 9 6 ^ ) .  I n  o r d e r  t o  m in im ise  t h e s e  e f f e c t s  c u l t u r e s  were 
p u l s e d  w i t h - t h y m i d i n e  f o r  s h o r t  p e r i o d s  i n  t h e  p r e s e n t
work .
2*3*1 Measurement  Of lrHJ -T hym id ine  I n c o r p o r a t i o n
The method o f  Oppenheim e t  a l  a s  m o d i f i e d  by ”' o l s t e n c r o f t  
and Pumonde (1970)  was em ployed .  A t  v a r i o u s  t i m e s ,  u s u a l l y  
I jOh., l / C i  o f  - t h y m i d i n e  (3C i /m  mole) v/as added i n  0 .1 m l  
o f  s t e r i l e  s a l i n e  t o  each  2 .0 m l  c u l t u r e .  The t u b e s  were 
i n c u b a t e d  a t  37°  i n  a v e r t i c a l  p o s i t i o n ,  f o r  Uh. At  t h i s  
t im e  t h e  c e l l s  were d e p o s i t e d  by c e n t r i f u g a t i o n  a t  k ° C . and 
washed t w i c e  a t  i+° v / i th  3 .0 m ls  o f  s a l i n e  -  which  was b u f f e r e d  
t o  pH 7ch -  w i t h  10 mM NaH2P0^-Na0H, and c o n t a i n e d  l O m g / l i t r e
p h e n o l  r e d .  T h e  s u p e r n a t a n t  w a s  p o u r e d  o f f  and  t h e  
i n v e r t e d  t u b e  d r a i n e d  o n  K l e e n e x  t i s s u e ,  and  t h e  c e l l  p e l l e t  
r e s u s p e n d e d  b y  v o r t e x  m i x i n g  i n  t h e  d r o p  o f  f l u i d  r e m a i n i n g .
The c e l l  p e l l e t  v/as washed t w i c e  w i t h  2 .0m l  o f  5% w /v  
t r i c h l o r o a c e t i c  a c i d  s o l u t i o n  a t  i+° t o  p r e p a r e  t h e  a c i d -  
i n s o l u b l e  m a t e r i a l  which  v/as washed once w i t h  3 .0m l  o f  
m e t h a n o l .
I n i t i a l l y  d u r i n g  t h i s  work a S o r v a l l  RC-2B r e f r i g e r a t e d  
c e n t r i f u g e  was u s e d .  T h i s  was equ ipp ed  w i t h  an  GSA a n g l e - h e a d  
c o n t a i n i n g  p u rp o se -m ad e  p e r s p e x  a d a p t o r s ,  which a l l o w e d  f i f t y  
f o u r  c u l t u r e s  t o  be p r o c e s s e d  a t  one t i m e .  The s a m p le s  o f  
c e l l s  i n  c u l t u r e  media and i n  s a l i n e  v/ere c e n t r i f u g e d  f o r  
f i v e ,  m in u te s  a t  5 ,0 00  rpm (= q020g) and t h e  sam p le s  o f  c e l l s  
i n  t r i c h l o r o a c e t i c  a c i d  and m ethano l  v/ere c e n t r i f u g e d  f o r  
10 m in u te s  a t  1 0 ,000  rpm (= U080g).  L a t e r  a n  MSE M ul tex  
c e n t r i f u g e ,  p l a c e d  i n  a  k0 c o ld  room, equ ipped  w i t h  s w in g - o u t  
’ M u l t i - t u b e  c a r r i e r *  (MSE), which a l l o w e d  s e v e n t y  two c u l t u r e s  
t o  be  p r o c e s s e d ,  was em ployed .  W ith  t h i s  e q u ipm en t  t h e  
i n i t i a l  c e n t r i f u g a t i o n s  v/ere pe rfo rm ed  f o r  5 m ins .  a t  2 ,5 0 0  rpm 
(r= 15^ -l-Og) and t h e n  s u b s e q u e n t l y  f o r  t e n  m in u te s  a t  t h e  same 
s p e e d .  The c e n t r i f u g e s  wre r e  changed  due t o  t h e  g r e a t e r  
e x p e r i m e n t a l  c o n v e n ie n c e  o f  t h e  M ul tex  c e n t r i f u g e ,  and t h e  
p o s s i b i l i t y  t h a t  some t r i c h l o r o a c e t i c  a c i d - p r e c i p i t a t e d  
m a t e r i a l  was l o s t  when f l u i d  was p o ured  o f f  sam p le s  c e n t r i f u g e d  
i n  t h e  a n g l e - h e a d  S o r v a l l  BC-2B c e n t r i f u g e .  T h i s  p o s s i b i l i t y  
was c o n f i rm ed  when r e p l i c a t e  sam p le s  v/ere p r o c e s s e d  u s i n g  b o t h  
c e n t r i f u g e s  ( T a b l e  3 ) .
T h e  m e t h a n o l - d r i e d  t r i c h l o r o a c e t i c  a c i d  p r e c i p i t a t e d  
m a t e r i a l  w a s  d i s s o l v e d  i n  0.3M H y a m i n e  h y d r o x i d e  i n  m e t h a n o l  
( 0 . 5 m l  p e r  c u l t u r e )  b y  h e a t i n g  a t  6 5 °  f o r  3 0  m i n s .  w i t h  
o c c a s i o n a l  a g i t a t i o n .  T h e  r e s u l t i n g  c l e a r  s o l u t i o n  w a s  
t r a n s f e r r e d ,  u s i n g '3 x  5 m l  v o l u m e s  o f  t o l u e n e - b a s e d  
s c i n t i l l a t o r ,  t o  a  c o u n t i n g  v i a l .  S a m p l e s  w e r e  c o u n t e d
e i t h e r  f o r  10 m in s .  o r  t o  a p r e - s e t  c o u n t  o f  1 0 ,0 0 0  ( = l % 
p o i s s o n  e r r o r ) ,  i f  t h i s  o c c u r r e d  w i t h i n  10 m in s .  E x t r a c t i o n
b l a n k s ,  t h a t  i s  a sample  c o n t a i n i n g  3 / c i  o f p H j _ t h y m i a i n e  ana 
2 .0m l  o f  E a g l e ’ s medium b u t  no c e l l s ,  and i n c u b a t e d  f o r  t h e
TABLE 3 .  I n c o r p o r a t i o n  o f  P hJ -.T h y m id in e  a t  4 0 h .  b y
P H A - s t i m u l a t e d  G u i n e a - P i g  Lymph N o d e  C e l l s  
P r o c e s s e d  u s i n g  a n  MSE M u l t e x  o r  a  S o r v a l l  
RC-2B C e n t r i f u g e
PHA c o n c n .  Mean R a d i o a c t i v i t y  p e r  C u l t u r e
(Ag/ml)  ( d . p . m .  x 10 3)
MSE M u l tex  S o r v a l l  RC2B
0 7 + 1 6 + .1
1 216 ± 10 157 + 46
2 145 + 11 96 + 7
4 67 + 12 51 + 10
F i g u r e s  a r e  t h e  m e a n s  o f  4 r e p l i c a t e s  +
same l e n g t h  .o f  t i m e  a s  t h e  c u l t u r e s  c o n t a i n i n g  c e l l s ,  were 
ex posed  t o  t h e  l a b e l l e d  p r e c u r s o r ,  and c a r r i e d  t h r o u g h  t h e  
w ash ing  p r o c e d u r e ,  gave  c o u n t s  l e s s  t h a n  tw ic e  t h o s e  o f  a 
s c i n t i l l a t o r  b lan lc .  The e x t r a c t i o n  b l a n k  v/as d e d u c t e d  from 
t h e  c o u n t s  o b t a i n e d  from t h e  c u l t u r e s  c o n t a i n i n g  c e l l s .
2*3*2 I n v e s t i g a t i o n  Of C u l t u r e  C o n d i t i o n s  To O b t a i n  
Maximum I n c o r p o r a t i o n  Of P hJ - T h y m i d i n e »
The number o f  v a r i a b l e s  which a r e  known t o  a f f e c t  t h e
i n t e n s i t y  o f  t h e  r e s p o n s e  i n  s t i m u l a t e d  lym phocy te  c u l t u r e s
i s  l a r g e  and some o f  t h e s e  a r e  i n t e r - r e a c t i n g ,  f o r  exam ple
t h e  c o n c e n t r a t i o n  o f  s t i m u l a n t  and t h e  serum c o n c e n t r a t i o n
( F o r s d y k e ,  1967 ) .  The c o n d i t i o n s  f o r  maximum i n c o r p o r a t i o n
o f  p H J - t h y m i d i n e  by mixed lym phocy te  r e a c t i o n - s t i m u l a t e d
hum an b l o o d  l y m p h o c y t e s  h a v e  b e e n  i n v e s t i g a t e d  b y  H u g h e s  a n d
C a s p a ry  ( 1 9 7 0 ) .  H e r sh  e t  a l  ( 1969 ) d e s c r i b e d  t h e  e f f e c t  o f
v a r i a t i o n  o f  t h e  s u r f a c e  a r e a  on which t h e  c e l l s  c o u ld  s e t t l e
t h e  g r e a t e r  t h e  a r e a  on w h ich  c e l l s  c o u ld  s e t t l e  t h e  s m a l l e r
w a s  t h e  u p t a k e  o f  p n ] - t h y m i d i n e  a t  l o w  c e l l  d e n s i t i e s .  T h e
pPI o f  t h e  c u l t u r e  medium (Hughes and C a s p a r y ,  1970) and t h e
n a t u r e  and amount o f  s u p p le m e n t in g  serum ( A l f o r d ,  1970a)  a r e
2 +  2 +i m p o r t a n t .  The p r e s e n c e  o f  m e t a l s  i o n s  such  a s  Ca , Fe 
and 3En^+ ( A l f o r d ,  1970b) i s  n e c e s s a r y .  The p r e s e n c e  o f  c e l l  
t y p e s  o t h e r  t h a n  ly m ph o cy tes  c an  m odify  t h e  r e s p o n s e .  L e v i s  
and R obb ins  (1 97 0 )  found t h a t  rem ova l  o f  g l a s s  a d h e r e n t  c e l l s  
(m a c ro p h a g e s? )  d e c r e a s e d  t h e  P H A - s t im u la te d  r e s p o n s e  a t  a l l  
PHA c o n c e n t r a t i o n s .  The number o f  r e d  b lo o d  c e l l s  p r e s e n t  
m o d i f i e s  t h e  amount o f  ^ h] - t h y m id in e  i n c o r p o r a t e d ,
( T a r n v i k ,  1 9 7 0 ) .   ^ The l e n g t h  o f  t h e  p u l s e  p e r i o d ,  t h e  amount 
o f  [3h]  - t h y m i d i n e  added and i t s  s p e c i f i c  a c t i v i t y  a l s o  a f f e c t  
t h e  i n c o r p o r a t i o n  (Sample  and C h r e t i e n ,  1 9 7 1 ) .
I n  t h e  p r e s e n t  w ork ,  c e r t a i n  o f  t h e s e  p a r a m e t e r s  such  
a s  c u l t u r e  vo lu m e ,  number o f  c e l l s ,  serum c o n c e n t r a t i o n ,  
shape  o f  c u l t u r e  t u b e ,  amount and s p e c i f i c  a c t i v i t y  o f  t h e
P h] - t h y m i d i n e  t o  be added were s t a n d a r d i z e d  a t  t h e  s t a r t  o f  
t h e  work .  T hese  were s e l e c t e d  on t h e  b a s i s  o f  e x p e r i m e n t a l
c o n v e n ie n c e  and s a t i s f a c t o r y  r e s u l t s  i n  t h e  h a nd s  o f  o t h e r  
w o rk e r s  w i t h  c u l t u r e d  g u i n e a - p i g  lymph node c e l l s  
(P .A .  W o l s t e n c r o f t  p e r s o n a l  c o m m u n ic a t io n ) .  The i n f l u e n c e  
o f  o t h e r  p a r a m e t e r s ,  such  a s  t h e  c o n c e n t r a t i o n  o f  PHA, and 
t im e  o f  maximum DM s y n t h e s i s  were d e te r m in e d  e x p e r i m e n t a l l y ,  
and u s i n g  t h e s e  r e s u l t s  c e r t a i n  o f  t h e  i n i t i a l l y  assumed 
p a r a m e t e r s  were  exam ined .
D e t e r m i n a t i o n  o f  t im e  o f  maximum L H J - t h y m i d i n e  i n c o r p o r a t i o n .
The i n c o r p o r a t i o n  o f  - t h y m i d i n e  a t  v a r i o u s  t im e s  was 
m easured  i n  c u l t u r e s  s t i m u l a t e d  w i t h  l / g / m l  PHA and n o n ~ s t i m u l a t e  
c u l t u r e s .  Maximum i n c o r p o r a t i o n  o f  p l i j  - t h y m i d i n e  by PHA- 
s t i m u l a t e d  c u l t u r e s  o c c u r r e d  on t h e  second day a t  A 5 h . ,
T a b le  iu  The s t i m u l a t i o n  i n d e x ,  t h a t  i s  t h e  r a t i o  b e tw een  
t h e  p H j - t h y m i d i n e  i n c o r p o r a t e d  by t h e  s t i m u l a t e d  c u l t u r e s  
and by t h e  n o n - s t i m u l a t e d  v/as a l s o  maximal on t h e  second  dajr.
I n  s u b s e q u e n t  e x p e r i m e n t s  p l i ] - t h y m i d i n e  i n c o r p o r a t i o n  was 
m easured  a t .  a s l i g h t l y  e a r l i e r  t i m e ,  namely AOh., s i n c e  t h i s  
was e x p e r i m e n t a l l y  c o n v e n i e n t .
The t im e  o f  maximum - t h y m i d i n e  i n c o r p o r a t i o n  i s  i n  
a g re em e n t  w i t h  o t h e r  a u t h o r s  (Oppenheim e t  a l ,  1 9 6 7 ) .
Determination of P M  dose response curve for L HJ -thymidine 
incorporation.
C u l t u r e s  were i n c u b a t e d  f o r  AO and 6Ah. i n  t h e  p r e s e n c e  
o f  v a r i o u s  c o n c e n t r a t i o n s  o f  PHA. ( 0 , 2 5  -  2 Q / g / m l ) .  At  t h e s e  
t im e s  ] / C i  o f  p H  - t h y m i d i n e  v/as added  f o r  a Ah. p u l s e  p e r i o d .  
F i g u r e  1 shows t h a t  a  PHA. c o n c e n t r a t i o n  o f  a b o u t  l/*g/ml 
c a u se d  maximum i n c o r p o r a t i o n  o f  - t h y m i d i n e  a t  b o t h  t i m e s .
I n v e s t i g a t i o n  o f  t h e  i n t e r - d e p e n d e n c e  o f  serum and PHA_ 
c o n c e n t r a t i o n s  o n P h] - t h y m id in e  i n c o r p o r a t i o n .
C u l t u r e s  c o n t a i n i n g  v a r i o u s  c o n c e n t r a t i o n s  o f  h e a t -  
decomplemented c a l f  serum and PHA were i n c u b a t e d  f o r  AOh. 
and l/*Ci o f  p H  - t h y m i d i n e  p e r  c u l t u r e  was added  f o r  a  Ah.
TABLE A .  I n c o r p o r a t i o n  o f  P hI  - T h y m i d i n e  a t  V a r i o u s  T i m e s  
b y  P H A - s t i m u l a t e d  and  N o n - S t i m u l a t e d  G u i n e a - P i g  
Lymph B o d e  C e l l s
Time*
(h)
X
Mean R a d i o a c t i v i t y  p e r  C u l t u r e  ( d . p . m ,  x .10 ) 
PHA, 1 / g / m l  No PHA S t i m u l a t i o n  I n d e x
26
A3
69
A7.2 + 8 .0  
1 6 2 .1  + 3 7 oA
3 8 . A + 1 2 .0
3 . 0  + 0 . 1  
1 . 6  + 0 . 2  
0 . 9  + 0 . 2
16
99
A3
F i g u r e s  a r e  t h e  m e a n s  o f  A r e p l i c a t e s  + SD
Figure 1. Incorporation of M  -Thymidine at 40 and'64'Hours
D.P.M
per
culture
by Guinea-Pig Lymjih Node Cells Stimulated With 
Various Concentrations of PHA.
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p u l s e  p e r i o d .  Serum c o n c e n t r a t i o n  o f  0 . 2 5 ,  3 . 2 5 ,  1 0 . 2 5 ,  
3 0 . 2 5  and 5 0 . 25?o v / v  were i n c l u d e d  and PHA. c o n c e n t r a t i o n s  o f  
0 ,  1 ,  2 and U/g /m l  were  u s e d .  F i g u r e  2 shows t h a t  t h e  
serum c o n c e n t r a t i o n  had a marked e f f e c t  on t h e  form o f  t h e  
PHA. dose  r e s p o n s e  c u r v e .  F o r  e a c h  serum c o n c e n t r a t i o n
e ra
3h
t i o n  o f  PHA. 
- t h y m i d i n e ,
t h e r e  a p p e a r e d  t o  b e  a  c o r r e s p o n d i n g  c o n c e n -  
w h i c h  r e s u l t e d  i n  o p t i m a l  i n c o r p o r a t i o n  o f  
s o  t h a t  t h e  o p t i m a l  PHA. c o n c e n t r a t i o n s  f o r  3 0 .2 5  an d  5 0 .2 5  v / v  % 
s e r u m  w e r e  a b o v e  k f g / m l .  T h i s  f a m i l y  o f  PHA. d o s e  r e s p o n s e
c u r v e s  m i g h t  r e f l e c t  t h e  i n c r e a s e d  b i n d i n g  o f  PHA t o  s e r u m  
a t  h i g h  s e r u m  c o n c e n t r a t i o n s ,  r e d u c i n g  t h e  ’ f r e e ’ PHA 
a v a i l a b l e  f o r  c e l l  s t i m u l a t i o n ,  o r  t h e  t o x i c  e f f e c t s  w h i c h  h a v e  
b e e n  r e p o r t e d  t o  o c c u r  w i t h  h i g h  PHA c o n c e n t r a t i o n s  ( M c I n t y r e  
a n d  C o l e ,  1969 )•  .
A t  h i g h  serum c o n c e n t r a t i o n s  t h e  volume o f  E a g l e ’ s 
medium i n  t h e  2 .0 m l  c u l t u r e s  was r e d u c e d .  The d e c l i n e  i n  
t h e  amount o f  Pa] - t h y m i d i n e  i n c o r p o r a t e d  a t  h i g h  serum 
c o n c e n t r a t i o n s  might  be r e l a t e d  t o  t h e  r e s u l t i n g  r e d u c t i o n  
i n  t h e  c o n c e n t r a t i o n  i n  t h e  c u l t u r e s  o f  s u b s t a n c e s  p r e s e n t  
i n  t h e  E a g l e ’ s medium which a r e  r e q u i r e d  f o r  t r a n s f o r m a t i o n .  
O t h e r  s u b s t a n c e s  p r e s e n t  i n  t h e  serum a r e  b e l i e v e d  t o  augment 
t h e '  t r a n s f o r m a t i o n  r e s p o n s e ,  which might  e x p l a i n  t h e  
i n c r e a s e d  l > ]  - t h y m i d i n e  i n c o r p o r a t i o n  when t h e  serum 
c o n c e n t r a t i o n  i s  i n c r e a s e d  from 0 .2 5 /Sv /v .  I n  o r d e r  t o  
r e s o l v e  t h e s e  p o s s i b i l i t i e s  f u r t h e r  e x p e r i m e n t s  v/culd be  
r e q u i r e d ,  b u t  t h e  d a t a  does  a l l o w  t h e  c o n c l u s i o n  t h a t  105b 
serum p r o v i d e s  good i n c o r p o r a t i o n  o v e r  a  w id e r  r a n g e  o f  
PHA c o n c e n t r a t i o n s  t h a n  do t h e  o t h e r  serum c o n c e n t r a t i o n s  
em ployed .
E f f e c t  o f  v a r y i n g  t h e  l e n g t h  o f  t h e  ’ p u l s e ’ p e r i o d  o n  t h e  
i n c o r p o r a t i o n  o f  M  - t h y m i d i n e .
T h e  l e n g t h  o f  t h e  ’ p u l s e ’ p e r i o d  w a s  f i x e d  a t  l | h .  , a s  
o n e  o f  t h e  a r b i t r a r i l y  s e l e c t e d  p a r a m e t e r s  a t  t h e  s t a r t  o f  
t h i s  w o r k .  A i+h. p u l s e  i s  e x p e r i m e n t a l l y  c o n v e n i e n t ,  a n d
i s  s h o r t  r e l a t i v e  t o  t h e  t im e  o f  i n - v i t r o  c u l t u r e  o f  t h e  
lymph node c e l l s ,  so t h a t  a c l o s e  a p p r o x i m a t i o n  t o  t h e  r a t e
Figure 2. Effect of Culture in Various Concentrations of
D.P.M
per
culture
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o f  DNA s y n t h e s i s  a t  a  t i m e  i n  t h e  m i d d l e  o f  t h e  p u l s e  
p e r i o d  i s  m e a s u r e d .  O t h e r  a u t h o r s  h a v e  u s e d  l o n g e r  p u l s e  
p e r i o d s  ( f o r  e x a m p l e  o v e r n i g h t )  w h i c h  h a v e  t h e  a d v a n t a g e  
o f  g i v i n g  i n c r e a s e d  i n c o r p o r a t i o n ,  h u t  t h e  d i s a d v a n t a g e  i s  
t h a t  t h e  r a t e  i s  l i k e l y  t o  h a v e  c h a n g e d  o v e r  s u c h  a  l o n g  
p e r i o d .  A s h o r t  p u l s e  p e r i o d  i s  e s p e c i a l l y  n e c e s s a r y  
w h e n  t h e  r a t e  o f  DNA s y n t h e s i s  i s  r a p i d l y  c h a n g i n g ,  f o r  
e x a m p l e  a t  t h e  o n s e t  o f  DNA s y n t h e s i s  i n  t i m e  c o u r s e  s t u d i e s .  
T h e  c r i t e r i o n  u s e d  t o  a s s e s s  t h e  s u i t a b i l i t y  o f  t h e  l \h % p u l s e  
p e r i o d  w a s  l i n e a r i t y  o f  i n c o r p o r a t i o n  o f  [*^h] - t h y m i d i n e  w i t h  
t i m e .  T h i s  c r i t e r i o n  h a s  b e e n  u s e d  b y  S c h e l l e k e n s  a n d  
E i j s v o o g e l  ( 1 968 ) a n d  B a i n  (1 9 70 )  t o  c o n f i r m  o p t i m a l  l a b e l l i n g  
c o n d i t i o n s ,  b u t  S a m p l e  a n d  C h r e t i e n  (1971)  s t a t e d  t h a t  t h i s  
was n o t  a  r e l i a b l e  c r i t e r i o n  w h e n  p u l s e  p e r i o d s  l o n g e r  t h a n  
[{.h. w e r e  u s e d .  W i t h  p u l s e  p e r i o d s  up  t o  i jh .  l i n e a r i t y  w a s  
a r e l i a b l e  c r i t e r i a .
C u l t u r e s  c o n t a i n i n g  o p t im a l  serum c o n c e n t r a t i o n s  (lO/Sv/v) 
and w i t h  o r  w i t h o u t  2 / g / m l  o f  PHA v/ere i n c u b a t e d  f o r  l+7h. At 
v a r i o u s  t i m e s  from I^Oh. l / C i  o f  P h ]  - t h y m i d i n e  was added  t o  
s i x  r e p l i c a t e  c u l t u r e s  so t h a t  a t  47h.  t h e  l a b e l l e d  p r e c u r s o r  
had been  p r e s e n t  f o r  O.ij.2 t o  7h .  F i g u r e s  3 and k  show t h e  
i n c o r p o r a t i o n  i n  P H A -s t im u la te d  and  n o n - s t i m u l a t e d  c u l t u r e s  
r e s p e c t i v e l y .  The i n c o r p o r a t i o n  i n  t h e  P K A - s t im u la te d  
c u l t u r e s  was l i n e a r  'w i th  t im e  i n  t h e  7 h o u r  p e r i o d  
i n v e s t i g a t e d .  The c o r r e l a t i o n  c o e f f i c i e n t  f o r  t h e  mean 
i n c o r p o r a t i o n s  a g a i n s t  t im e  was 0 . 9 9 8 .  I n c o r p o r a t i o n  i n t o  
n o n - s t i m u l a t e d  c u l t u r e s  was a p p a r e n t l y  l i n e a r  up t o  5 . 5 h .
T h u s  a  i jh .  p u l s e  s a t i s f i e d  t h e  c r i t e r i o n  o f  l i n e a r i t y  o f  
i n c o r p o r a t i o n  and  w a s  t h e r e f o r e  u s e d  r o u t i n e l y .
C o m p a r i s o n  o f  r Hj - t h y m i d i n e  i n c o r p o r a t i o n  i n  c u l t u r e s  
c o n t a i n i n g  c o m p l e t e  N a g l e ’ s  m i n i m a l  e s s e n t i a l  m e d iu m  a n d  
m ed ium  f r o m  w h i c h  l e u c i n e  w a s  o m i t t e d .
i n c o r p o r a t i o n s  w e r e  d e t e r m i n e d  s i m u l t a n e o u s l y  i n  t h e  s a m e  
c u l t u r e s  a s  m e a s u r e s  o f  DNA a n d  p r o t e i n  s y n t h e s i s  
r e s p e c t i v e l y .  S i n c e  l e u c i n e  i s  a  c o n s t i t u e n t  o f  E a g l e ’ s
I n  some e x p e r im e n t s  b o t h H[ - t h y m i d i n e  and
QRM
per
culture
-Figure 3. Effect of Variation of Length of Pulse Period 
on t-he Incorporation of [3h] - Thymidine by 
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Figure 4. Effect of Variation of Length of Pulse Period
on th e  Incorporation of C3h1  - Thymidine by 
Non-Stimulated Guinea-Pig Lymph Node Cells.
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medium ( t h y m i d i n e  i s  a b s e n t )  and i t s  p r e s e n c e  r e s u l t e d  
i n  low i n c o r p o r a t i o n s  o f  £ c f ] - l e u c i n e  i t  was n e c e s s a r y  t o  
u se  l e u c i n e - f r e e  medium when p r o t e i n  s y n t h e s i s  was m ea su re d .  
The e f f e c t  o f  a b s e n c e  o f  l e u c i n e  from t h e  E a g l e 1s medium on 
p l i j - t h y m i d i n e  i n c o r p o r a t i o n  was t h e r e f o r e  i n v e s t i g a t e d .
[ 3h ] - t h y m i d i n e  i n c o r p o r a t i o n  was m easured  i n  c u l t u r e s  
c o n t a i n i n g  10% v/v  se rum w i t h  o r  w i t h o u t  l / g / m l  PHA and 
E a g l e ’ s medium w i t h  o r  w i t h o u t  l e u c i n e .
The o m i s s i o n  o f  l e u c i n e  from t h e  medium d i d  n o t  r e d u c e  
t h e  i n c o r p o r a t i o n  o f  ["3h | - t h y m i d i n e , ( T a b le  5 ) .  S im u l ta n e o u s  
j j^ c T J - l e u c in e  and [3hJ - t h y m id in e  i n c o r p o r a t i o n  c o u ld  t h u s  be 
measured s a t i s f a c t o r i l y .
S t a t i s t i c a l  v a l i d i t y  o f  t h e  e f f e c t  o f  compounds on
HJ- t h y m i d i n e  i n c o r p o r a t i o n .
I n  t h e  s u b s e q u e n t  c h a p t e r s  o f  t h i s  t h e s i s  t h e  e f f e c t  
o f  e s t a b l i s h e d  a n t i - i n f l a m m a t o r y  d r u g s  and c e r t a i n  d rug  
c a n d i d a t e s  f rom P i s o n s  L im i te d  P h a r m a c e u t i c a l  D i v i s i o n  (PPL) 
on m e t a b o l i c  a c t i v i t i e s ,  su c h  a s  i n c o r p o r a t i o n  o f  £3h] - t h y m i d i n e , 
o c c u r r i n g  i n  P H A - s t im u la te d  g u i n e a - p i g  lymph node c e l l s  a r e  
d e s c r i b e d .  Most o f  t h e s e  compounds had t o t a l l y  d i f f e r e n t  
c h e m ic a l  s t r u c t u r e s ,  b u t  some o f  t h e  PPL compounds were 
members o f  a n  homologous c h e m ic a l  s e r i e s .  The a c t i v i t i e s  
o f  t h e  members o f  t h i s  homologous s e r i e s  on p H j - t h y m i d i n e  
i n c o r p o r a t i o n  were compared;  t h a t  i s  i n h i b i t i o n  o f  
i n c o r p o r a t i o n  o f  [ ^ i j - t h y m i d i n e  was u sed  a s  a  b i o - a s s a y .
B i o - a s s a y  methods a r e  d i v i d e d  i n t o  two t y p e s ,  p a r a l l e l  l i n e  
a s s a y s  and s l o p e  r a t i o  a s s a y s  ( F i n n e y ,  1961*).
The i n h i b i t i o n  o f  £3h] - t h y m id in e  i n c o r p o r a t i o n  p l o t t e d  
a g a i n s t  t h e  l o g a r i t h m  o f  t h e  c o n c e n t r a t i o n  o f  t h e  compound 
u n d e r  t e s t  r e s u l t e d  i n  p a r a l l e l  l i n e s ,  f o r  t h e  members o f  
t h e  homologous s e r i e s .  The s t a t i s t i c a l  v a l i d i t y  o f  such 
an  a s s a y  may be c o n f i r m e d  by  d i l u t i o n  a s s a y ,  t h a t  i s  s e v e r a l  
f i x e d  volumes o f  t h e  two d i l u t i o n s  o f  t h e  compound a r e  a s s a y e d .
I f  t h e  a s s a y  i s  s t a t i s t i c a l l y  v a l i d  t h e  r e s u l t i n g  d o se  r e s p o n s e
TABLE 5 . I n c o r p o r a t i o n  o f  r n J  - T h y m i d i n e  a t  1*0 h .  b y
PHA.-Stimulated and M o n -S t im u la te d  G u in e a - P ig  
Lymph Node C e l l s  C u l t u r e d  i n  L e u c i n e - F r e e  and 
L e u c i n e - C o n t a i n i n g  E a g l e ’ s Minimal E s s e n t i a l  Medium.
Mean R a d i o a c t i v i t y  p e r  C u l t u r e
2( d . p . m .  x  10 )
Ho PHA PHA, l / g / m l
62^.8 + 132.C 
7 7 5 .5  + 104 .0
Medium c o n t a i n i n g
l e u c i n e  5 . 5  + 0 . 5
L e u c i n e - f r e e
medium 6 . 6  +. 1 .0
F i g u r e s  a r e  t h e  means o f  1* r e p l i c a t e s  * SD
c u r v e s  w i l l  be p a r a l l e l  arid t h e  vo lumes  o f  t h e  d ru g  d i l u t i o n s  
c a u s i n g  a f i x e d  i n h i b i t i o n  ( f o r  exam ple  30% o r  50%) w i l l  be 
i n  t h e  i n v e r s e  r a t i o  o f  t h e  d ru g  c o n c e n t r a t i o n s  i n  t h e  tv/o 
d ru g  d i l u t i o n s  ( F i n n e y ,  1961*).
A ImM s o l u t i o n  o f  6 , 8 - d i - t - b u t y l  chromone (FPL52806) 
a  member o f  t h e  homologous s e r i e s  o f  s u b s t i t u t e d  chromones 
i n  E a g l e ’ s medium was p r e p a r e d  and a p o r t i o n  d i l u t e d  t o  
0.67®M. Hence t h e  d i l u t i o n  r a t i o  was 0 . 6 7 .  V a r i o u s  f i x e d  
volumes o f  t h e  two 6 , 8 - d i - t - b u t y l  chromone s o l u t i o n s  were 
added  t o  b u l k  lym phocy te  c u l t u r e s  o f  f i n a l  volume 12ml. F i v e  
r e p l i c a t e  2ml c u l t u r e s  were  d i s p e n s e d  c o n t a i n i n g  10J&v/v c a l f  
se rum ,  l /% p e r  ml PHA and 1 x 10^ v i a b l e  c e l l s  p e r  ml.  A f t e r  
40h .  i n c u b a t i o n  t h e  i n c o r p o r a t i o n  o f  P H ]  - t h y m i d i n e  was 
m ea su re d .
F i g u r e  5 shov/s t h e  p e r c e n t a g e  i n h i b i t i o n  o f  - t h y m i d i n e  
i n c o r p o r a t i o n  a s  a  p r o b i t  t r a n s f o r m a t i o n  p l o t t e d  a g a i n s t  t h e  
volume o f  t h e  6 , 8 - d i - t - b u t y l  chromone d i l u t i o n s  added  t o  t h e  
1 2 m l-b u lk  r e a c t i o n .  The two l i n e s  a r e  p a r a l l e l  when examined 
by  e y e ,  and s t a t i s t i c a l  a n a l y s i s  r e s u l t e d  i n  a r e l a t i v e  
p o t e n c y  o f  0 .6 2  w i th  95% f i d u c i a l  l i m i t s  o f  0 . 5 5  t o  0 . 6 9  
compared w i t h  t h e  d i l u t i o n  r a t i o  o f  0 . 6 7 .  T h i s  shows t h a t  
measurement  o f  t h e  r e l a t i v e  p o t e n c i e s  o f  6 , 8 - d i - t - b u t y l  chromone 
(FPL52806) homologues  by  t h i s  method i s  a s t a t i s t i c a l l y  v a l i d  
b i o - a s s a y .  The i n h i b i t i o n  o f  w  - t h y m i d i n e  i n c o r p o r a t i o n  
by  o t h e r  d r u g s ,  such  a s  t h e  a n t i - i n f l a m m a t o r y  s t e r o i d  
p r e d n i s o l o n e ,  r e s u l t e d  i n  d ose  r e s p o n s e  c u r v e s  o f  d i f f e r e n t  
s l o p e  t o  t h a t  o f  FPL52806 .  Com par ison  o f  t h e  d ru g  c o n c e n t r a t i o n  
c a u s i n g  a f i x e d  d e g r e e  o f  i n h i b i t i o n ,  f o r  e x a m p le ,  50%, i s  n o t  
a  s t a t i s t i c a l l y  v a l i d  b i o - a s s a y  f o r  t h e  r e l a t i v e  p o t e n c i e s  
o f  FPL52806 and p r e d n i s o l o n e .
2°3*3 • C3h]- T h y m i d i n e  I n c o r p o r a t i o n  B y  C u l t u r e s  O f
S p e c i f i c a l l y - S e n s i t i z e d  G u i n e a - P i g  L.ymph N o d e  
C e l l s  S t i m u l a t e d  W i t h  A n t i g e n
C u l t u r e s  c o n t a i n i n g  10/cv/v h e a t - d e c o m p le m e n te d  c a l f  s e rum ,
Figure 5. Inhibition of |_ Hj -Thymidine Incorporation of
PHA-Stimulated Guinea-Pig Lymph Node Cells by 
Various Volumes of 1mM and 0.67mM FPL 52806
Added to ,12ml Bulk Cultures: A Dilution Assay
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2 x  10 v i a b l e  lymph node c e l l s  i s o l a t e d  from, a g u i n e a - p i g  
s e n s i t i z e d  t o  o v a lb u m in ,  and 1000,  100,  l O /^ g /m l  ov a lb u m in  
and no ova lbu m in  were p r e p a r e d .  At 4 0 ,  64 ,  8 8 ,  112 and 
136h. l / f c i  o f  [ > ]  - t h y m i d i n e  was added f o r  a 4h .  p u l s e  
p e r i o d  and t h e  t r i c h l o r o c e t i c  a c i d - i n s o l u b l e  m a t e r i a l  
i s o l a t e d .
T a b le  6 shows t h e  i n c o r p o r a t i o n  o f  Jj^hJ - t h y m i d i n e  a t  
t h e  v a r i o u s  t i m e s  by  c o n t r o l  and o v a l b u m i n - s t i m u l a t e d  
g u i n e a - p i g  lymph node c e l l s .  The i n c r e a s e  i n  t h e  
i n c o r p o r a t i o n  o f  p l i j  - t h y m i d i n e  due t o  p r e s e n c e  o f  t h e  
a n t i g e n  was s m a l l  compared t o  t h e  l a r g e  i n c r e a s e  found  i n  
P H A -s t im u la ted .  c u l t u r e s  (P a g e4 8 )  • i n c o r p o r a t i o n  o f
p n j - t h j n n i d i n e  d e c l i n e d  w i t h  t im e  i n  b o t h  t h e  a n t i g e n  and 
n o n - s t i m u l a t e d  c u l t u r e s .  The h i g h e s t  o va lb u m in  c o n c e n t r a t i o n  
t e s t e d  (1 0 0 0 y ^ g /m l)  caused  t h e  g r e a t e s t  s t i m u l a t i o n  o f
- t h y m i d i n e  i n c o r p o r a t i o n ,  e x c e p t  a t  40h.  when t h a t  c a u se d  
by lOO/^g/ml was s l i g h t l y  g r e a t e r .
The s m a l l  i n c o r p o r a t i o n  o f  p i )  - t h y m i d i n e  fo u nd  i n  
a n t i g e n - s t i m u l a t e d  c u l t u r e s  and t h e  d e c r e a s e  w i t h  t im e  
i n d i c a t e s  t h a t  when t h e  e f f e c t  o f  d ru g  i s  s t u d i e d  t h e  t im e  
o f  maximum i n c o r p o r a t i o n  o f  - t h y m i d i n e  ( 4 0 h . )  s h o u l d  be 
u s e d .  . An ova lb um in  c o n c e n t r a t i o n  o f  1000/* g /m l  w i l l  be 
u s e d ,  s i n c e  t h i s  gave s i m i l a r  i n c o r p o r a t i o n  a t  4 0h .  t o  t h e  
100/* g /m l  ova lb um in  c o n c e n t r a t i o n  and h i g h e r  i n c o r p o r a t i o n  
a t  o t h e r  t i m e s .
TABLE 6 . I n c o r p o r a t i o n  o f  L^HJ-Thymidine by O va lbum in-
S e n s i t i z e d  G u in e a -P ig  Lymph None C e l l s  i n  t h e  
P r e s e n c e  o f  V a r io u s  Ovalbumin C o n c e n t r a t i o n s  
a t  V a r i o u s  T im es .
Mean R a d i o a c t i v i t y  p e r  C u l t u r e  
( d . p . m .  x 10*“ )
O v a lb u m in , / *  g /m l
Time,
(h)
0 10 ICO 1000
4o
64
88
112
136
2 2 .1  + 5 . 6  4 3 . 4  + 3 . 7  5 1 .5  + 2 . 6  1+9.6 + 6.1+
1 8 .3  + 3 . 7  2 5 .1  + 7 . 6  2 6 .7  + 3 . 2  3 6 . 7  + 6 . 7
7 . 1  ± 0 . 9  11+.1 + 3 . 6  11+. 2 + 2 . 6  1 9 .8  + 0 . 1
1+.1+ + 1 .2  6 .9  + 1 . 8  6 . 5  + 1 . 6  1 1 . 1+ + 1 . 4
\
, 3 . 0  + 1 .0  5 . 3  + 2 . 6  4 . 0  + 1 . 1  5 . 2  + 2 . 6
F i g u r e s  a r e  t h e  means o f  4  r e p l i c a t e s  + SB
SNA SYNTHESIS i n  CITLTU5SS OP SUIKEA-PIG
LY’JPH POPE C5LLS
The i n c o r p o r a t i o n  o f  p l l j - u r i d i n e  was m easu red  a s  an  
i n d e x  o f  t h e  r a t e  a t  which RITA was s y n t h e s i z e d  by c u l t u r e d  
g u i n e a - p i g  lymph node c e l l s .  The i n c o r p o r a t i o n  o f  
P h J  - u r i d i n e  by  P H A - s t im u la te d  c e l l s  i s  g r e a t l y  i n c r e a s e d  
compared w i t h  t h e  r a t e  i n  n o n - s t i m u l a t e d  c e l l s  (C o o pe r  and 
R u b i n s ,  19^5;  Kay,  1968 ) .  The a c c e l e r a t i o n  o f  RKA p r e c u r s o r  
i n c o r p o r a t i o n  by s t i m u l a t e d  c e l l s  o c c u r s  e a r l i e r  t h a n  t h e  
i n c r e a s e  i n  - t h y m i d i n e  u p t a k e  ( M u e l l e r  and Le M ahieu ,
1 9 6 6 ) .  Cooper  (19 7 2 )  h a s  d e s c r i b e d  t h e  c o m p l e x i t y  o f  RITA 
s y n t h e s i s  i n  ly m ph o c y te s  and t h e  u n r e l i a b i l i t y  o f  m easurement  
o f  g r o s s  • p K * J - u r id i n e  u p t a k e .  The c o m p l e x i t y  i s  due t o  t h e  
number o f  RITA t y p e s  s y n t h e s i z e d ,  ( r i b o s o m a l ,  h e t e r o g e n e o u s  
n u c l e a r ,  m essenger  and t r a n s f e r  RNA), and t h e i r  d i f f e r e n t  
r a t e s  o f  s y n t h e s i s  and t u r n o v e r .  Most o f  t h e  added  
r a d i o a c t i v e  RKA p r e c u r s o r  i s  i n c o r p o r a t e d  i n t o  r i b o s o m a l  RITA, 
w hich  i s  s l o w l y  s y n t h e s i z e d  and b r o k e n  down b u t  which  c o m p r i s e s  
a  m ajo r  p r o p o r t i o n  o f  t o t a l  c e l l  RITA, and h e t e r o g e n e o u s  n u c l e a r  
RKA which i s  v e r y  r a p i d l y  s y n t h e s i z e d  and b r o k e n  down and 
c o m p r i s e s  a b o u t  '1;% o f  t o t a l  c e l l  RITA. The d i f f e r e n t ,  r a t e s  
o f  s y n t h e s i s  o f  t h e  two above  RITA t y p e s  r e s u l t  i n  m a in ly  
h e t e r o g e n e o u s  n u c l e a r  RITA s y n t h e s i s ,  a  minor  c e l l  RITA 
c o n s t i t u e n t ,  b e in g  m easured  when v e r y  s h o r t  p u l s e s  o f  
p „ ]  - u r i d i n e  a r e  u s e d .  The u se  o f  - u r i d i n e  t o  m easure  
RKA s y n t h e s i s  i n  P H A - s t im u la te d  c e l l s  i s  f u r t h e r  c o m p l i c a t e d  
by t h e  e f f e c t  o f  PHA on t h e  r a t e  o f  e n t r y  o f  added r a d i o a c t i v e  
u r i d i n e  i n t o  t h e  i n t r a c e l l u l a r  p o o l  o f  u r i d i n e  t r i p h o s p h a t e  
(UTP),  and t h e  s i z e  o f  t h e  UTP p o o l  and t h e  r a t e  o f  f l o w  o f  
UTP from t h e  p o o l ,  which a r e  a l l  a l t e r e d  by  PHA (H ausen  and 
S t e i n ,  1 9 6 8 ; P e t e r s  and H au se n ,  1 9 7 1 ) .  G ro s s  p H j - u r i d i n e  
i n c o r p o r a t i o n  i s  i n c r e a s e d  i n  t r a n s f o r m i n g  ly m ph o c y te s*  and 
e a s i l y  m e a su re d ,  b u t  t h e  i n t e r p r e t a t i o n  i s  complex ( C o o p e r ,  
1 9 7 2 ) .
2 * 4 * 1  M e a s u r e m e n t  o f  L ^ H J - U r i d i n e  I n c o r p o r a t i o n
C u l t u r e s  o f  2 .0m l  c o n t a i n e d  10$ v / v  h e a t  decomplemented 
c a l f  se rum , 2 x 10^ v i a b l e  lymph node c e l l s ,  and l / g / m l  o f  
PHA., The PHA c o n c e n t r a t i o n  o f  l / g / m l  was c h o se n  t o  
c o r r e s p o n d  t o  t h a t  i n  c u l t u r e s  i n  which p n j - t h y m i d i n e  
i n c o r p o r a t i o n  was m e a su re d .  The c u l t u r e s  were i n c u b a t e d  
a t  37° f o r  v a r i o u s  t im e s  when l / b i  o f  p H * ] - u r i d i n e  (5  Ci/mMole) 
i n  O . l ra l  o f  s a l i n e  was a d d e d .  A f t e r  4h .  t h e  t r i c h l o r o a c e t i c  
a c i d - i n s o l u b l e  m a t e r i a l  was i s o l a t e d  i n  a n  i d e n t i c a l  manner 
t o  t h a t  d e s c r i b e d  when p i p - t h y m i d i n e  i n c o r p o r a t i o n  was 
m e a su re d ,  and t h e  r a d i o a c t i v i t y  p r e s e n t  d e t e r m i n e d .
2*4*2 D e t e r m i n a t i o n  Of ^ime o f  Maximum P h] - U r i d i n e
I n c o r o o r a t i o n
Hinjir- t - r--*‘ i -- - 1 i
C u l t u r e s  c o n t a i n i n g  v a r i o u s  c o n c e n t r a t i o n s  o f  PHA.
(C ,  0 . 2 ,  1 . 0 ,  5 . 0 / g / m l )  were  i n c u b a t e d  a t  3 7 ° .  v a r i o u s
t i m e s  t h e  i n c o r p o r a t i o n  o f  p n j - u r i d i n e  was m e a su re d .  B oth  
s t i m u l a t e d  and n o n - s t i m u l a t e d  c u l t u r e s  i n c o r p o r a t e d  l a r g e  
amounts  o f  p l l j - u r i d i n e  i m m e d ia te ly  a f t e r  i n i t i a t i o n  o f  t h e  
c u l t u r e s  ( p i g u r e  6 ) ,  which d e c l i n e d  i n  t h e  n o n - s t i m u l a t e d  
c u l t u r e s  r a p i d l y  up t o  20 h o u r s  and more s l o w l y  a f t e r w a r d s .  
M u e l l e r  and Le Mahieu (1 96 6 )  r e p o r t e d  a s i m i l a r  e f f e c t ,  b u t  
o f  s m a l l e r  m a g n i tu d e ,  w i t h  c u l t u r e d  human l e u c o c y t e s  u s i n g  
p H ~ ] - c y t id in e  as  PITA, p r e c u r s o r .  They s u g g e s t e d  t h a t  t h e  
d e c l i n e  i n  t h e  i n c o r p o r a t i o n  by t h e  n o n - s t i m u l a t e d  c e l l s  
c o u ld  e i t h e r  r e f l e c t  c e l l  d e a t h  o r  r e p r e s s i o n  o f  PITA s y n t h e s i s .  
A mechanism f o r  t h e  r e p r e s s i o n  was n o t  s u g g e s t e d .
C u l t u r e s  s t i m u l a t e d  w i t h  0 . 2  and 5 . o / g / m l  o f  PHA. showed 
a  s lo w e r  d e c l i n e  o f  - u r i d i n e  i n c o r p o r a t i o n  w i t h  t im e  t h a n  
t h e  u n s t i m u l a t e d  c u l t u r e s  and c u l t u r e s  s t i m u l a t e d  v / i th  l / g / m l  
o f  PHA showed a  p e a k  o f  p f i j  - u r i d i n e  i n c o r p o r a t i o n  a t  a b o u t  
20h .  f o l l o w e d  by a d e c l i n e .  T a b le  7 shows t h e  s t i m u l a t i o n  
i n d e x ,  t h a t  i s ,  t h e  r a t i o  o f  t h e  amount o f  p»] - u r i d i n e
i n c o r p o r a t e d  by s t i m u l a t e d  c u l t u r e s  t o  t h a t  i n c o r p o r a t e d  by 
t h e  c o n t r o l s  a t  v a r i o u s  PHA c o n c e n t r a t i o n s .
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Figure 6. Incorporation of PkJ -Uridine at Various Times 
of Non-Stimulated and PHA-Stimulated Guinea-Pig 
Lymph Mode Cells.
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TABLE 7 .  S t i m u l a t i o n  I n d e x  f o r  L H J - U r i d i n e  I n c o r p o r a t i o n
by PH A -S t im u la ted  G u i n e a - p i g  Lymph TTode C e l l s  a t  
V a r io u s  Times
Time, S t i m u l a t i o n  I n d e x
( h ) . Concn. o f  Pi!A
( / g / m l )
0 . 2  1 .0  5 .0
0 . 5  1 .0  1 .2  1 . 3
1 9 .0  2 . 6  - 5 . 9  5 . 2
23 2.1+ 6 . 2  I+.9
1+3 2 . 2  6 . 6  5 .2
6 7 . 5  1 . 9  5 . 0  3 . 5
F i g u r e s  a r e  t h e  means o f  5 r e p l i c a t e s
Maximum s t i m u l a t i o n  o c c u r r e d  a t  a b o u t  2 0 h . , b u t  a h ig h  
l e v e l  o f  s t i m u l a t i o n  was m a i n t a i n e d  up t o  67#5h.  - u r i d i n e
i n c o r p o r a t i o n  and t h e  e f f e c t  o f  d r u g s  on t h i s  was measured  a t  
1 and 20h .  i n  s u b s e q u e n t  e x p e r i m e n t s .
2 *U°3 D e t e r m i n a t i o n  Of PKA Dose P.esponse Curve F o r  
CM - U r i d i n e  I n c o r p o r a t i o n
C u l t u r e s  c o n t a i n i n g  a  r a n g e  o f  PHA c o n c e n t r a t i o n s  
( 0 .1  25 / g / r a l )  were i n c u b a te d  f o r  20h.  when p l l j - u r i d i n e
i n c o r p o r a t i o n  was m ea su re d .  A PKA c o n c e n t r a t i o n  o f  1 t o  2 / g / m l  
c a u s e d  maximum i n c o r p o r a t i o n  o f  p H ]  - u r i d i n e ,  ( F i g u r e  7 ) .
S in c e  l / g / m l  PHA was used when t h e  e f f e c t  o f  d r u g  on 
- t h y m i d i n e  i n c o r p o r a t i o n  a t  CjOh. was m easured  t h i s  
c o n c e n t r a t i o n  was m a in t a in e d  d u r i n g  s t u d y  o f  t h e  e f f e c t  o f  
d ru g s  on ^ H j - u r i d i n e  i n c o r p o r a t i o n  a t  20h,
Figure 7. Incorporation of J M  - Uridine at 2C Hours 
by Guinea-Pig Lymph Node Cells Stimulated
DRM.
per
culture
with Various Concentrations of PHA.
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2 •5  PROTEIN SYNTHESIS IN CULTURES OP GUINEA-PIG
LYMPH NOPE CELLS
I n c o r p o r a t i o n  o f  f ^ c ]  “ l e u c i n e  by c u l t u r e d  g u i n e a - p i g  
lymph node c e l l s  was m easured  a s  an  in d e x  o f  p r o t e i n  s y n t h e s i s .  
( M u e l l e r  and Le M ahieu ,  1966;  Skoog, 1 9 7 2 ) .  M i togens  c a u se  
T c e l l s  t o  s y n t h e s i z e  l y m p h o k i n e s , (M ack le r '  e t  a l , 1 9 7 2 ) ,  
which  a r e  s e c r e t e d  i n t o  t h e  c u l t u r e  medium, and a r e  i m p o r t a n t  
i n  c e l l  m e d ia te d  immune r e a c t i o n s .  No a t t e m p t  was made t o  
m easure  t h e  s y n t h e s i s  o f  t h e s e  f a c t o r s  a s  o n l y  t h e  t r i c h l o r o a c e t i c  
a c i d - i n s o l u b l e  m a t e r i a l  o f  washed c e l l s  was i s o l a t e d .  I n  v iew  
o f  t h e  l a r g e  i n c r e a s e  i n  c e l l  s i z e  most o f  t h i s  was p r o b a b l y  
i n c o r p o r a t e d  i n t o  g e n e r a l  c e l l  p r o t e i n .
2*5*1 Measurement  Of [ xv l  - L e u c in e  I n c o r p o r a t i o n
I n c o r p o r a t i o n  o f  N  - L e u c in e  was m easured  i n  2 .0m l  
c u l t u r e s  c o n t a i n i n g  E a g l e ’ s medium f r e e  o f  u n l a b e l l e d  l e u c i n e .  
C u l t u r e s  c o n t a i n e d  10$6 v / v  h e a t  decomplemented  c a l f  s e ru m ,
2 x  10^ v i a b l e  c e l l s ,  i n i t i a l l y  and u s u a l l y  l / g / m l  o f  PHA.
The c u l t u r e s  were p u l s e  l a b e l l e d  w i t h  0 . 2 5 / f c i  o f  j j ^ c J - l e u c i n e  
u s u a l l y  f o r  U h . ,  a l t h o u g h  2 h .  p u l s e s  were u sed  i n  t h e  i n i t i a l  
e x p e r i m e n t s .  T h e [ j ^ ^ c j - l e u c i n e  i n c o r p o r a t e d  i n t o  t r i c h l o r o a c e t i c  
a c i d - i n s o l u b l e  m a t e r i a l  was i s o l a t e d  i n  an  i d e n t i c a l  manner 
t o  t h a t  d e s c r i b e d  f o r  J ^ h] - t h y m i d i n e . i n c o r p o r a t i o n .
2 °5*2 D e t e r m i n a t i o n  Of Time Of Maximum - L e u c in e
I n c o r p o r a t i o n
C u l t u r e s  were p r e p a r e d  w i t h  o r  w i t h o u t  l / g / m l  o f  PHA 
and i n c u b a t e d  a t  37°  f o r  v a r i o u s  t i m e s  up t o  6 8 . 5h.} [ > ]  - l e u c i n e  
i n c o r p o r a t i o n  was measured, u s i n g  2h .  p u l s e s .  I n  i d e n t i c a l  
r e p l i c a t e  c u l t u r e  t h e  i n c o r p o r a t i o n  o f  l / f c i  o f  ^h] - t h y m i d i n e  
was m easured  u s i n g  2h .  p u l s e  f o r  c o m p a r i s o n .  Maximum
i n c o r p o r a t i o n  o f  [ j ^ c j - l e u c i n e  i n  t h e  c u l t u r e  s t i m u l a t e d  w i t h  
l / g / m l  o f  PIIA. o c c u r r e d  a t  i |5h. ( T a b l e  8 ) .  The i n c o r p o r a t i o n
TABLE 8 .
Time
(h)
2
21
26
k5
69
I n c o r p o r a t i o n  o f  - L e u c in e  and [ 3h]  -Thym idine
by PH A -S t im u lc ted  and N o n - S t im u la t e d  G u in e a - P ig  
Lymph Node C e l l s  a t  V a r io u s  Times U s in g  a 2h .  P u l s e
Mean R a d i o a c t i v i t y  p e r  C u l t u r e  
(a.p .m .  x 103 )
N-Leucine -T h y m id in e
No PHA PHA
( l / g / m l )
Ho PHA PHA
( l / g / o l )
1 .9  + 0.1+ 2 .0  + 0 . 3  3 1 .7  + 5 . 5  3 0 . 4  + 2 . 2
1.1+ + 0 . 1  2 . 6  + 0.1+ 1+. 1+ + 0 . 7  1 7 .7  + 7 .0
1 .1  + 0 . 3  3 . 0  + 1 . 0  3 . 0  + 0 . 1  4 7 . 2  + 8 .0
0 . 8  + 0 . 1  4 . 8  + 0 . 2  1 . 6  + 0 . 2  1 6 2 .1  + 37.1+
0 . 7  + 0 . 1  1 . 7  + 0 . 2  0 . 9  + 0 . 2  3 8 . 4  + 1 2 .0
F i g u r e s  a r e  t h e  means o f  5 r e p l i c a t e s  + SB
i n  t h e  n o n - s t i m u l a t e d  c u l t u r e s  d e c l i n e d  w i t h  t i m e .  T h e  
i n c o r p o r a t i o n  o f  - t h y m i d i n e  f o l l o w e d  a  s i m i l a r  t i m e  
c o u r s e  t o  [ ^ c j  - l e u c i n e  i n  b o t h  s t i m u l a t e d  a n d  n o n - s t i m u l a t e d  
c u l t u r e s .
S i n c e  t h e  t w o  r a d i o a c t i v e  p r e c u r s o r s  w e r e  l a b e l l e d  w i t h  
d i f f e r e n t  i s o t o p e s ,  [ ^ l l ]  a n d  , i n c o r p o r a t i o n  o f  b o t h
p l i j - t h y m i d i n e  a n d  - l e u c i n e  c o u l d  b e  m e a s u r e d  i n  t h e
s a m e  c u l t u r e s .  T h e  P jH*]  a n d  C M  i n c o r p o r a t e d  may b e  
d i f f e r e n t i a t e d  u s i n g  a  d u a l - c h a n n e l  l i q u i d  s c i n t i l l a t i o n  
s p e c t r o m e t e r .  S u b s e q u e n t  e x p e r i m e n t  s h o w e d  t h a t  s a t i s f a c t o r y  
r e s u l t s  c o u l d  b e  o b t a i n e d  u s i n g  a  I+h. p u l s e  p e r i o d .  T h e  
e f f e c t  o f  u n l a b e l l e d - l e u c i n e - f r e e  E a g l e * s  m ed iu m  o n  
p H ~ ] - t h y n i i d i n e  i n c o r p o r a t i o n  h a s  b e e n  d e s c r i b e d  p r e v i o u s l y ,  
( S e c t i o n  2 - 3  Page52j.#
2*5*3 D e t e r m i n a t i o n  O f  PHA D o s e  R e s p o n s e  C u r v e s  F o r  
- - L e u c i n e  An d  P hI - T h y m i d i n e  I n c o r p o r a t i o n
I n  The Same C u l t u r e s  At i+O Hours
I n c o r p o r a t i o n  a t  li-Oh. was m easured  s i n c e  t h i s  t im e  had 
b e e n  p r e v i o u s l y  employed f o r  measurement  o f  - t h y m i d i n e  
i n c o r p o r a t i o n .  C u l t u r e s  o f  2 .0m l  c o n t a i n i n g  10$ v / v  h e a tg
decomplemented  c a l f  se rum ,  2 x 10 v i a b l e  lymph node c e l l  
i n i t i a l l y ,  and 0 . 1  t o  l d / g / m l  o f  PHA i n  E a g l e ! s medium f r e e  
o f  u n l a b e l l e d  l e u c i n e  were  p r e p a r e d .  - L e u c i n e  (0.25/ci)
and l / C i  o f  p l f j - t h y m i d i n e  we r e  added t o g e t h e r  i n  0 . 1 m l  o f  
s a l i n e  f o r  a Uh. p u l s e  p e r i o d .  F i g u r e s  8 a and b show 
r e s p e c t i v e l y  t h e  PHA dose  r e s p o n s e  c u r v e s  f o r  - l e u c i n e
and [3hJ  - t h y m i d i n e  i n c o r p o r a t i o n .  The o p t i m a l  PHA. 
c o n c e n t r a t i o n  f o r  b o t h  c u r v e s  was 2 / g / m l  i n  t h i s  e x p e r i m e n t ,  
b u t  t h e  i n c o r p o r a t i o n  w i th  l / ' g /m l  PHA. V7as o n l y  s l i g h t l y  
s m a l h e r I n  v iew  o f  t h i s  s m a l l  d i f f e r e n c e  and t h e  p r e v i o u s  
u s e  o f  l / g / m l  o f  PHA f o r  s t u d y  o f  t h e  e f f e c t  o f  d ru g  on
- t h y m i d i n e  i n c o r p o r a t i o n ,  i t  was d e c id e d  to .  r e t a i n  t h i s  
PHA. c o n c e n t r a t i o n  when t h e  e f f e c t  o f  d r u g s  was i n v e s t i g a t e d
on £ —l e u c i n e  and p n j - t h y r a i d i n e  i n c o r p o r a t i o n . i n  t h e  same 
c u l t u r e s .  .
-  70 -
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2*5*4 S t a t i s t i c a l  V a l i d i t y  Of mhe E f f e c t  Of
C o m p o u n d s  On T O  - L e u c i n e  I n c o r p o r a t i o n
An i d e n t i c a l  a p p ro a c h  and method t o  t h a t  d e s c r i b e d  on 
Page .5 5 was u s e d .  F i g u r e  9 shows t h a t  t h e  p e r c e n t a g e  
i n h i b i t i o n  o f  [ j ^ C j - l e u c i n e  i n c o r p o r a t i o n  p l o t t e d  a s  a  p r o b i t  
a g a i n s t  t h e  amount o f  t h e  two 6 , 8 - d i - t - b u t y l  chromone 
(FPL528o6) s o l u t i o n s  added r e s u l t e d  i n  p a r a l l e l  l i n e s .  The 
r e l a t i v e  p o t e n c i e s  o f  t h e  two FPL52806 s o l u t i o n s  was 0 . 6 4  
( w i t h  95% f i d u c i a l  l i m i t s  o f  0 . 5 7  t o  0 . 7 0 )  w hich  compared 
f a v o u r a b l y  w i t h  t h e  t h e o r e t i c a l  v a l u e  o f  0 . 6 7 .  Measurement  
o f  . the  e f f e c t  o f  d r u g s  on - l e u c i n e  i n c o r p o r a t i o n
t h e r e f o r e  i s  a s t a t i s t i c a l l y  v a l i d  b i o - a s s a y .
Figure 9. Inhibition of 11 Cj-Leucine Incorporation of 
PHA-Stimulated Guinea-Pig Lymph Node Cells by
Various Volumes of 1mN and Q.67mri .FPL 52806
Added to 12ml Bulk Cultures: A Dilution Assay
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[3h] -Cr2• 6 L HJ ^GLUCOSAMINE INCORPORATION BY CULTURES OF
GUINEA-PIG- LYMPH HOPS CELLS
S t i m u l a t e d  ly m p h ocy tes  s e c r e t e  p r o t e i n s  which  c o n t a i n  
c a r b o h y d r a t e ;  B lym phocy tes  p ro d u ce  im m un o g lo b u l in  and 
T ly m ph o cy tes  ly m p h o k in e s .  The i n c o r p o r a t i o n  o f  
pH - g l u c o s a m in e  by P H A -s t im u la te d  and n o n - s t i m u l a t e d  c u l t u r e d  
g u i n e a - p i g  lymph node c e l l s  i n t o  a c i d - i n s o l u b l e  m a t e r i a l ,  
p r e s u m a b ly  g l y c o p r o t e i n ,  (Hayden e t  a l , 1 9 7 0 ) ,  was t h e r e f o r e  
i n v e s t i g a t e d .
2*6*1 Measurement Of P h] - G lu c o s a m in e  I n c o r p o r a t i o n
At v a r i o u s  t im e s  0 . 2 5 , / c i  o f  ^ h] - g lu c o s a m in e  ( 1 , 1  Ci /mMole) 
was added t o  each  2ml c u l t u r e  f o r  a Uh. p e r i o d  arid t h e  
t r i c h l o r o a c e t i c  a c i d - i n s o l u b l e  m a t e r i a l  was i s o l a t e d  i n  an  
i d e n t i c a l  manner t o  t h a t  d e s c r i b e d  f o r  - t h y m i d i n e  
i n c o r p o r a t i o n .  No a t t e m p t  was made t o  e l i m i n a t e  t h e  g l u c o s e  
p r e s e n t  i n  E a g le * s  medium, which would be  c o n v e r t e d  i n t o  
g lu c o s a m in e  by t h e  c e l l s  and r e d u c e  t h e  e f f e c t i v e  s p e c i f i c  
a c t i v i t y  o f  t h e  added ^ h ) - g l u c o s a m i n e , due t o  t h e  a b s o l u t e  
r e q u i r e m e n t  f o r  g l u c o s e  a s  e n e rg y  s o u r c e  f o r  lym phocy te  
t r a n s f o r m a t i o n .  '
2 o6• 2 D e t e r m i n a t i o n  Of Time Of Maximum [_ HJ "G lucosam in e
I n c o r p o r a t i o n
The i n c o r p o r a t i o n  o f  P h] - g lu c o s a m in e  i n t o  n o n - s t i m u l a t e d  
c u l t u r e s  and c u l t u r e s  s t i m u l a t e d  w i t h  l / g / m l  o f  PHA was 
measured  a t  v a r i o u s  t i m e s .  The g r e a t e s t  i n c o r p o r a t i o n  i n  
t h e  P H A -s t im u la te d  c u l t u r e s  o c c u r r e d  a t  l+2h. ( T a b l e  9 ) .  At 
t h i s  t im e  t h e  s t i m u l a t i o n  i n d e x  was a l s o  g r e a t e s t  ( T a b l e  9 ) .
I n  s u b s e q u e n t  e x p e r im e n t s  when t h e  e f f e c t  o f  t h e  d r u g  on
t h e  i n c o r p o r a t i o n  o f  P h] - g lu c o s a m in e  was d e t e r m i n e d  t h e  
i n c o r p o r a t i o n  a t  t h i s  t im e  was t h e r e f o r e  u s e d .
TABLE 9 o I n c o r p o r a t i o n  o f  I M  -G-lucosamine by
P H A -S t lm u la ted  and N o n -S t im u la te d  G u i n e a - P i g  
Lymph Node C e l l s  a t  V a r i o u s  ^ imes
Mean R a d i o a c t i v i t y  p e r  C u l t u r e  
( d . p . m . )
Time, PHA Ho PHA S t i m u l a t i o n  In d e x
( h )  ( l / g / m l )
18 591 + 123 82 + 1 6  7 . 2
42 951 + 263 25 + 1 0  3 8 . 2
66 546 + 59 ' 28 + 14 1 9 . 5
F i g u r e s  a r e  t h e  means o f  5 r e p l i c a t e s  + SD
2 -7 PROTEIN BINDING OF DRUGS
Many-drugs such  a s  p h e n y lb u t a z o n e  (B u rn s  e V a l ,  1 9 5 3 ) ,  
d i c u m a r o l  (Of R e i l l y  e t  a l , 1962 ) .  and c a r b e n o x o l c n e  (P a r k e  
and L in d u p ,  1973 ) ,  a r e  known t o  b i n d  r e v e r s i b l y  t o  serum 
p r o t e i n s , e s p e c i a l l y  t o  a lb u m in .  T h i s  i s  i m p o r t a n t  b o t h  
t o  t h e  e f f i c a c y  and s a f e t y  o f  t h e  d r u g .  When t h e  f r e e  
d ru g  c o n c e n t r a t i o n  i s  h i g h ,  t o x i c i t y  may be s e e n ,  f o r  example  
w i t h  p h e n y l b u t a z o n e ,  and t h i s  c a n  o c c u r  u n i n t e n t i o n a l l y  when 
two d ru g s  which compete  f o r  t h e  same p r o t e i n  b i n d i n g  s i t e  
a r e  a d m i n i s t e r e d  s i m u l t a n e o u s l y .
P r o t e i n  b i n d i n g  i s  a common f e a t u r e  o f  a c i d i c  
n o n - s t e r o i d a l  a n t i - i n f l a m m a t o r y  d r u g s  ( H i c h e n s ,  197^-). -A 
d ru g  which  i s  p r o t e i n  bound i s  b e l i e v e d  t o  be p h a r m a c o l o g i c a l l y  
i n a c t i v e .  -When' the i n t r i n s i c  r e l a t i v e  p o t e n c i e s  o f  c e r t a i n  
s u b s t i t u t e d  chromones were  compared as  i n h i b i t o r s  o f  b i o c h e m i c a l  
p r o c e s s e s  i n  lymph node c e l l  c u l t u r e s  i t  was n e c e s s a r y  t o  
d e t e r m i n e  t h e  d e g r e e  o f  p r o t e i n  b i n d i n g  o f  t h e s e  compounds t o  
t h e  serum p r e s e n t  i n  t h e  c u l t u r e s  so t h a t  t h e  p r o p o r t i o n  o f  
p r o t e i n  bound i n a c t i v e  d ru g  c o u ld  be  s u b t r a c t e d  f rom t h e  added 
d ru g  c o n c e n t r a t i o n .  The d e g r e e  o f  p r o t e i n  b i n d i n g  t o  serum 
v a r i e d  from compound t o  compound, and  was m easured  u n d e r  
c o n d i t i o n s  s i m i l a r  t o  t h o s e  p r e s e n t  i n  t h e  lymph node c e l l  
c u l t u r e s .
2 . 7 . 1  Measurement  o f  P r o t e i n  B in d in g  By 
E q u i l i b r i u m  D i a l y s i s
V i s k i n g  t u b i n g  d i a l y s i s  b ags  were washed i n  d i s t i l l e d  
w a t e r  f o r  s e v e r a l  h o u r s  and f i l l e d  w i t h  2 .5 m l  o f  10% v / v  
h e a t  decomplemented  c a l f  serum i n  0 . 155m ITaCl s o l u t i o n ,  and 
were d i a l y s e d  f o r  15 h o u r s  a g a i n s t  9 .0m l  o f  IJiOmM NaCl -  
28mM HEPES -  NaOH, pH 7.^-5, a t  2 2 ° .  V a r io u s  s u b s t i t u t e d  
chromones ( 6 , 8 - d i - a l k y l c h r o m o n e s )  were p r e s e n t  o u t s i d e  t h e  
d i a l y s i s  b a g s ,  i n  amounts v/hich i f  u n i f o r m l y  d i s t r i b u t e d
b e tw een  t h e  d i a l y s i s  bag  and s u r r o u n d i n g  f l u i d  would h av e  
r e s u l t e d  i n  c o n c e n t r a t i o n s  o f  1 5 . 7 , 5 2 . 2 ,  157 and 522,A l .
The e q u i l i b r i u m  c o n c e n t r a t i o n  o f  t h e  s u b s t i t u t e d  chromones 
o u t s i d e  t h e  d i a l y s i s  b ag s  was d e t e r m i n e d  s p e c t r o p h o t o m e t r i c a l l y  
by t h e i r  u . v .  a b s o r p t i o n .
2*7*2 Measurement Of P r o t e i n  B in d in g  By F l u o r e s c e n c e  
Quenching
Bovine serum a lb u m in  i s  t h e  p r o t e i n  i n  c a l f  serum t o  
w h ich  6 , 8 - d i - a l k y l  chromones bound when t h e i r  b i n d i n g  t o  
10/C v / v  c a l f  serum was d e te r m in e d  by e q u i l i b r i u m  d i a l y s i s .
I n  t h i s  s e c t i o n  t h e  b i n d i n g  o f  t h e  compounds t o  i s o l a t e d  
b o v in e  serum a lb u m in  i s  i n v e s t i g a t e d  u s i n g  a s p e c t r o s c o p i c  
m ethod ,  qu e n ch in g  o f  t h e  n a t i v e  f l u o r e s c e n c e  o f  t h e  a lb u m in .
The n a t i v e  f l u o r e s c e n c e  o f  3 .0 m l  o f  Img/ml b o v i n e  serum 
a lb u m in  i n  lOmM t r i s - H C l ,  pH 7.^-, was measured  i n  a H i t a c h i -  
P e r k i n  E lmer MPF3 s p e c t r o f l u o r i m e t e r  ( e x c i t a t i o n  290nm, 
e m i s s i o n  3^ 4-0nm) .  Sm all  i n c r e m e n t a l  v o lu m e s ,  up t o  a t o t a l  
o f  0 . 2 5 m l ,  o f  lmg/ml s o l u t i o n s  o f  6 , 8 - d i - a l k y l  chromones 
were  added u s i n g  an  A gla  m ic ro m e te r  s y r i n g e  and t h e  d e c l i n e  
i n  t h e  n a t i v e  f l u o r e s c e n c e  o f  t h e  b o v in e  serum a lb u m in  
d e t e r m i n e d  a f t e r  e ach  a d d i t i o n .  A f t e r  c o r r e c t i o n  o f  t h e  
f l u o r e s c e n c e  v a l u e s  f o r  b u l k  a b s o r p t i o n  and c o r r e c t i o n  f o r  
t h e  d i l u t i o n  o f  t h e  a lb u m in  s o l u t i o n  by a d d i t i o n  o f  chromone 
s o l u t i o n  t h e  quench  c u rv e  d a t a  v/as a n a l y s e d  by an  i t e r a t i v e  
com pu te r  p rogram  t o  g i v e  v a l u e s  o f  n ,  t h e  number o f  p r i m a r y  
b i n d i n g  s i t e s  f o r  t h e  chromones on t h e  b o v in e  a lb u m i n ,  and 
K, t h e  a s s o c i a t i o n  c o n s t a n t  o f  b i n d i n g  t o  t h e s e  p r i m a r y  
b i n d i n g  s i t e s .  E s t i m a t e d  v a l u e s  f o r  n by t h i s  method a r e  
n o t  v e r y  r e l i a b l e  s i n c e  r e l a t i v e l y  l a r g e  changes  i n  n  c a u s e  
l i t t l e  change  i n  t h e '  sh a p e  o f  t h e  q u ench  c u r v e .  G r e a t e r  
s i g n i f i c a n c e  i s  a t t a c h e d  t o  t h e  v a l u e s  o f  K where  r e l a t i v e l y  
s m a l l  c h ang es  a l t e r  t h e  shape o f  t h e  c u rv e  m a rk e d ly .
2*8 PARTITION COEFFICIENTS OF CKROMONS COMPOUNDS
The p a r t i t i o n  c o e f f i c i e n t  o f  a  s u b s t a n c e  i s  t h e  r a t i o  
o f  t h e  c o n c e n t r a t i o n s  o f  t h e  s u b s t a n c e  i n  two im m i s c ib l e  
s o l v e n t s  ( f o r  example  an  aqu eo u s  and o r g a n i c  s o l v e n t )  which  
a r e  i n  e q u i l i b r i u m  w i t h  one a n o t h e r .  I t  i s  r e l a t e d  t o  t h e  
l i p o p h i l i c i t y  o f  t h e  s u b s t a n c e ,  t h e  more l i p o p h i l i c  t h e  
s u b s t a n c e  i s ,  t h e  g r e a t e r  w i l l  be t h e  c o n c e n t r a t i o n  i n  an  
o r g a n i c  s o l v e n t  i n  e q u i l i b r i u m  w i t h  a g i v e n  c o n c e n t r a t i o n  
i n  t h e  aqu eo u s  p h a s e .
. The d e g r e e  o f  l i p o p h i l i c i t y  o f  a d r u g ,  m easured  by i t s  
p a r t i t i o n  c o e f f i c i e n t ,  i s  i m p o r t a n t ,  s i n c e  t h e  t h e r a p e u t i c  
p o t e n c y  o f  t h e  d r u g  may be a f u n c t i o n  o f  t h e  l i p o p h i l i c i t y  
o f  t h e  s u b s t a n c e  (Hansch  and F a j i t a ,  1962+). The l i p o p h i l i c i t y  
o f  t h e  d rug  d e t e r m i n e s  t h e  e x t e n t  t o  which, t h e  d r u g  p a s s e s  
t h r o u g h  c e l l  membranes t o  i t s  m o l e c u l a r  s i t e  o f  a c t i o n  and 
a l s o  c o n t r i b u t e s  t o  t h e  e x t e n t  t o  w h ich  t h e  d ru g  i s  p r o t e i n  
bound .  T h ere  i s  o f t e n  a  l i m i t i n g  d e g re e  o f  l i p o p h i l i c i t y  
f o r  a g i v e n  d ru g  s e r i e s  t o  a c h i e v e  maximum a c t i v i t y .  Above 
a c e r t a i n  d e g re e  o f  l i p o p h i l i c i t y  t h e  p o t e n t i a l  d ru g  i s  so 
s o l u b l e  i n  l i p o p h i l i c  p h a s e s  t h a t  e f f e c t i v e  d ru g  c o n c e n t r a t i o n s  
a r e  n o t  a c h i e v e d  i n  t h e  aqueous  p h a s e s ,  p r e v e n t i n g  movement 
o f  t h e  d ru g  t o  i t s  s i t e  o f  a c t i o n .  I n  o r d e r  t o  r e l a t e  t h e  
r e l a t i v e  a c t i v i t i e s  o f  members o f  a homologous s e r i e s  o f  
s u b s t i t u t e d  chromones t o  t h e i r  l i p o p h i l i c i t i e s  t h e i r  
p a r t i t i o n  c o e f f i c i e n t s  were  d e t e r m i n e d .
2*8*1 Measurement  Of A p p a re n t  P a r t i t i o n  C o e f f i c i e n t s
The a p p a r e n t  p a r t i t i o n  c o e f f i c i e n t s  o f  t h e  homologous 
s e r i e s  o f  6 , 8 - d i - a l k y l . c h r o m o n e s . were d e t e r m i n e d  b e tw ee n  
o c t a n o l s e t h e r  ( 1 : 3 ,  v / v )  and a n  aqueous  p h ase  o f ■28-mM HFPES
a d j u s t e d  t o  pH 7 . 4 3  w i th  M-NaOH. The pH o f  t h e  a q ueo u s  
p h a se  was i d e n t i c a l  t o  t h a t  o f  lymph node c e l l  c u l t u r e s  s i n c e
pH h a s  an  e f f e c t  on t h e  a p p a r e n t  p a r t i t i o n  c o e f f i c i e n t s  
o f  i o n i z a b l e  m o le c u le s  ( F u j i t a  e t  a l , 1 964 ) .  The o r g a n i c  
and aqueous  p h a s e s  were  n o t  s a t u r a t e d  w i t h  t h e  o p p o s in g  p h a s e .  
The s u b s t i t u t e d  chromones were added a t  a c o n c e n t r a t i o n  o f  
100/ M t o  t h e  aqu eo u s  p h a se  and s t o p p e r e d  t u b e s  c o n t a i n i n g  
e q u a l  volumes o f  t h e  two p h a s e s  were  sh a k e n  f o r  20 m i n s . a t  
2 2 ° .  The p h a s e s  were s e p a r a t e d  by c e n t r i f u g a t i o n .  The 
c o n c e n t r a t i o n s  o f  t h e  s u b s t i t u t e d  chromone r e m a in in g  i n  t h e  
aqueo u s  p h a s e s  were measured  s p e c t r o p h o t o m e t r i c a l l y  by t h e i r  
u . v .  a b s o r p t i o n ,  and r e f e r e n c e  t o  100/A\ s o l u t i o n .  The 
c o n c e n t r a t i o n s  o f  t h e  s u b s t i t u t e d  chromones p r e s e n t  i n  t h e  
o r g a n i c  p h a se  v/ere c a l c u l a t e d  by d i f f e r e n c e  and t h e  r a t i o s  
o f  t h e  c o n c e n t r a t i o n s  i n  t h e  o r g a n i c  and aq u eo u s  p h a s e s ,  
t h e  p a r t i t i o n  c o e f f i c i e n t s ,  c a l c u l a t e d .  Ho c o r r e c t i o n  was 
m a d e ' f o r  t h e  d e g r e e  o f  i o n i z a t i o n  o f  t h e  chromone compounds.
The v a l u e s  o f  t h e  pKa o f  t h e  chromones a r e  a l l  a b o u t  2 ,  h e n c e  
t h e  d e g r e e  o f  i o n i z a t i o n  a t  pH 7*4 a p p ro a ch e d  u n i t y  (> 9 9 . 9 9 # ) .  
S t r i c t l y  o n l y  r e l a t i v e  p a r t i t i o n  c o e f f i c i e n t s  were d e t e r m i n e d ,  
t h e  t r u e  p a r t i t i o n  c o e f f i c i e n t s  b e in g  a b o u t  1 0 0 , OCC t im e s  
l a r g e r .
2*9 ASSOCIATION OP DRUGS TO CULTURED GUINEA-PIG
LYMPH NODE CELLS
C e r t a i n  a n t i - i n f l a m m a t o r y  d r u g s ,  c h l o r o a u i n e  ( A l l i s o n  
and Young, 196i|) and go ld  s a l t s  ( G o t t l i e b  e t  a l , 1 9 7 2 ) ,  a r e  
known t o  a c c u m u la te  i n  c e l l s .  T h i s  may be r e l e v a n t  t o  
t h e i r  mode o f  a c t i o n .  The 6 , 8 - d i - t - b u t y l  chrom one,  FPL52806, 
whose e f f e c t  on s y n t h e t i c  p r o c e s s e s  o c c u r r i n g  i n  c u l t u r e d  
g u i n e a - p i g  lymph node c e l l s  h a s  b e e n  d e t e r m i n e d ,  and which  
i s  b e l i e v e d  t o  have a n t i - i n f l a m m a t o r y  a c t i v i t y ,  was a v a i l a b l e  
i n  a r a d i o - a c t i v e l y  l a b e l l e d  fo rm .  T h i s  t r i t i a t e d  m a t e r i a l  
was u sed  t o  d e te r m in e  w h e t h e r  o r  n o t  c u l t u r e d  c e l l s  a c c u m u la te d  
t h e  d r u g .
2*9*1 Measurement  Of A s s o c i a t i o n  Of [ j e] - 6 , 8 - D i - t -  
B u t y l  Chromone To G u in e a - P ig  Lymph Node C e l l s
C u l t u r e s  c o n t a i n i n g  2 . x  10 v i a b l e  lymph node c e l l s  
i n i t i a l l y ,  v a r i o u s  amounts o f  decomplemented  c a l f  serum ( 0 * 2 ,  
1 .0  and 10% v / v ) ,  w i t h  o r  w i t h o u t  l / g / m l  PHA, 25 and 75/N 
p l l j - 6 , 8 - d i - t - b u t y l  chromone and E a g l e ’ s medium t o  2 .0 m l  were 
p r e p a r e d .  The c u l t u r e s  were  i n c u b a t e d  f o r  l+Ch. a t  37°  when 
t h e y  were r a p i d l y  c e n t r i f u g e d ,  (2600xg f o r  2 m i n s . ) ,  t h e  
s u p e r n a t a n t  d e c a n te d  and t h e  c e l l s  r e s u s p e n d e d  i n  norm al  
s a l i n e  c o n t a i n i n g  125/M u n l a b e l l e d  6 , 8 - d i - t - b u t y l  chrom one.
The c e n t r i f u g a t i o n  and r e s u s p e n s i o n  was r e p e a t e d  t w i c e  t o  
wash away t h e  P«] - 6 , 8 - d i - t - b u t y l  chromone.  I n  one 
e x p e r im e n t  a  f u r t h e r  wash w i t h  m e th a n o l  c o n t a i n i n g  125 M 
6 , 8 - d i - t - b u t y l  chromone was i n c l u d e d .  The c e l l  p e l l e t s  
were  d i s s o l v e d  i n  hyamine h y d r o x i d e  and t h e  r a d i o a c t i v i t y  
p r e s e n t  de termined-.  The s o l u t i o n  used  f o r  v /ash ing  t h e  
c e l l s  c o n t a i n e d  125/M 6 , 8 - d i - t - b u t y l  chromone t o  r e d u c e  
l e a k a g e  o f  t h e  - 6 , 8 - d i - t - b u t y l  chromone from t h e  c e l l s .
2 *10 V I A B I L I T Y  OF CQ*'TPOUTTD-TPEATET) GUIFEA-P IG  
LYMPH FODE CELLS
When t h e  e f f e c t  o f .  d r u g s  on t h e  b i o c h e m i c a l  a c t i v i t y  o f  
c u l t u r e d  c e l l s  i s  d e te r m in e d  i t  i s  d e s i r a b l e  t o  a s s e s s  t h e  
t o x i c i t y  o f  t h e  d ru g  ( S t e w a r t  and I n g ra m ,  1 9 6 7 ) .  The 
v i a b i l i t y  o f  d r u g - t r e a t e d  c u l t u r e s  was m easured  u s i n g  a 
• 'd y e - e x c lu s i o n  method when t h e  b i o c h e m i c a l  a c t i v i t i e s  o f  
c e l l s  such  a s  P h] - t h y m id in e  i n c o r p o r a t i o n  was d e t e r m i n e d  
a t  !{.0h.
2 • 1 0 •1  Measurement Of V i a b i l i t y  Of Com pound-Treated  
G u i n e a - p i g  Lymph Mode C e l l s
A r e p l i c a t e  c u l t u r e  o f  t h o s e  used  f o r  b i o c h e m i c a l
m easurem ents  was c e n t r i f u g e d  a t  1300 r .P.m.fsSooxg) f o r  3 min.
and ti^e c e l l - f r e e  s u p e r n a t a n t  d e c a n t e d .  The c e l l  p e l l e t
was g e n t l y  suspended  i n  0 .2 m l  o f  E a g l e ’ s medium t o  w h ich  was
added 0 .2 m l  o f  0.8fo w/v e o s i n  Y i n  s a l i n e .  A sample  o f  t h e
s t a i n e d  c e l l  s u s p e n s i o n  was p l a c e d  i n  an  improved  M ie u baeu r
haem ocy to m ete r  and t h e  number o f  u n s t a i n e d  v i a b l e  c e l l s ,
b o t h  b l a s t - c e l l s  and n o n - s t i m u l a t e d  c e l l s ,  c o u n te d  i n  a n  
2a r e a  o f  0 . 23mm .
2*11 BCANTTIITG ELECTRON MICROSCOPY OF CC?*?OUI\TD~ 
TREATED GUINEA-PIG- LYMPH HOPE CELLS
Compounds which i n h i b i t  t h e  s y n t h e t i c  a c t i v i t i e s  o f  
P H A -s t im u la te d  g u i n e a - p i g  lymph node c e l l s  a l s o  a f f e c t  
t h e  v i a b i l i t y  o f  c e l l s  measured  by d y e - e x c l u s i o n .  Loss  
o f  c e l l  v i a b i l i t y  i s  a g r o s s  m o r p h o lo g i c a l  c h a n g e .  I n
o r d e r  t o  i n v e s t i g a t e  w h e th e r  o r  n o t  compounds a l s o  c a u se d
s u b t l e  m o r p h o lo g i c a l  c hang es  c o m p o u n d - t r e a te d  c e l l s  were
examined by s c a n n in g  e l e c t r o n  m ic r o s c o p y .
Scanning  e l e c t r o n  m ic ro sc o p y  i s  a  t e c h n i q u e  f o r  
e x a m in a t io n  o f  t h e  s u r f a c e  a r c h i t e c t u r e  o f  m a t e r i a l s  a t  
m a g n i f i c a t i o n s  which a re  n o t  a t t a i n a b l e  w i t h  t h e  l i g h t  
m ic r o s c o p e ,  due t o  l o s s  o f  r e s o l u t i o n  a t  m a g n i f i c a t i o n s  
g r e a t e r  t h a n  a bou t  1300 t im e s  u n d e r  t h e  l i g h t  m ic r o s c o p e .
The r e s o l u t i o n  i s  a f u n c t i o n  o f  t h e  w a v e le n g th  o f  t h e  
l i g h t  p h o t o n s .  High r e s o l u t i o n s  a r e  a c h ie v e d  i n  e l e c t r o n  
m ic ro s c o p e s  due t o  t h e  h i g h  e n e r g i e s  o f  t h e  e l e c t r o n s  used  
which  p o s s e s s  wave p r o p e r t i e s  o f  v e r y  low w a v e l e n g t h .
The s u r f a c e  f e a t u r e s  o f  whole m a t e r i a l s  a f t e r  c o a t i n g  
w i t h  e l e c t r o n  d e n se  m a t e r i a l ,  such  a s  g o l d ,  a r e  r e v e a l e d  
u n d e r  t h e  s c a n n in g  e l e c t r o n  m ic ro sc o p e  i n  c o n t r a s t  t o  t h e  
t r a n s m i s s i o n  e l e c t r o n  m ic ro sc o p e  i n  which t h e  d e n s i t y  o f  
e l e c t r o n  den se  m a t e r i a l ,  such  a s  OsO^y ’ s t a i n i n g ’ u l t r a - t h i n  
s e c t i o n s  o f  t h e  m a t e r i a l  a r e  s t u d i e d .
P o l l i a c k  e t  a l  (19 73 )  r e p o r t e d  t h a t  T and B ly m p h o c y te s  
c o u ld  be i d e n t i f i e d  u n d e r  t h e  s c a n n i n g  e l e c t r o n  m i c r o s c o p e ,  
i n d i c a t i n g  t h e  p o t e n t i a l  o f  t h e  t e c h n i q u e  f o r  d e t e c t i n g  
s u b t l e  m o r p h o lo g i c a l  chan g es  n o t  a p p a r e n t  by l i g h t  m ic r o s c o p y ,
\
2•11*1 P r e p a r a t i o n  Of M a t e r i a l  For  S c a n n in g  E l e c t r o n  
M ic roscopy
The c u l t u r e  medium from kOh. g u i n e a - p i g  lymph node  c e l l
c u l t u r e s ,  c o n t a i n i n g  e i t h e r  l / g / m l  PHA o r  n o n e ,  and a l s o
c o n t a i n i n g  v a r i o u s  compound c o n c e n t r a t i o n s ,  was g e n t l y
d e c a n t e d .  The c e l l s  were  suspended  i n  t h e  few d r o p s  o f
medium r e m a in i n g  and p l a c e d  on c o v e r s l i p s  which  were
i n c u b a t e d  a t  37° f o r  10 m i n s . i n  a humid a tm o sp h e re  t o
a l l o w  c e l l  a t t a c h m e n t .  The serum p r e s e n t  v/as removed by
t h r e e  v/ashes w i t h  serum. f r e e - E a g l e ’ s medium and t h e
c o v e r s l i p s  were immersed i n  1 . 5 $  g l u t a r a l d e h y d e  i n  M i l l o n i g ’
s o l u t i o n  ( M i l l o n i g ,  1961) f o r  30 m ins .  a t  4 ° .  A f t e r  t h r e e
washes w i t h  M i l l o n i g ’ s s o l u t i o n  c o n t a i n i n g  7*5% s u c r o s e
t h e  c o v e r s l i p s  were p l a c e d  i n  1% OsOk i n  M i l l o n i g ’ s s o l u t i o n
of o r  30 m ins .  a t  4 . The f i x e d  c e l l s  were d e h y d r a t e d  w i t h  
aqueous  e t h a n o l  ( 4 0 $ ,  55%• 70%, 9$% and 100$,  v / v )  and a i r  
d r i e d .  The c e l l s  a f t e r  v a c u u m - c o a t in g  w i t h  go ld  were  
examined u s i n g  a Cambridge S4 S t e r e o s c a n  S c a n n in g  E l e c t r o n  
M ic r o s c o p e .
CHAPTER THREE
EFFECT OP COMPOUNDS ON SYNTHETIC PROCESSES IN 
STIMULATED GUINEA-PIG LYMPH HOPE CELLS
3®1 GENERAL INTRODUCTION
The e f f e c t  o f  e s t a b l i s h e d  a n t i - i n f l a m m a t o r y  d r u g s ,  
such  a s  sodium s a l i c y l a t e ,  p h e n y l b u t a z o n e , p r e d n i s o l o n e  and 
i n d o m e t h a c i n ,  and c a n d i d a t e  compounds on P H A - s t im u la te d  
t r a n s f o r m a t i o n  o f  g u i n e a - p i g  lymph node c e l l s  i s  d e s c r i b e d  
i n  t h i s  c h a p t e r .  The e f f e c t  o f  one c a n d i d a t e  compound on 
a n t i g e n - s t i m u l a t e d  t r a n s f o r m a t i o n  i s  a l s o  i n v e s t i g a t e d .
The- i n h i b i t o r y  e f f e c t  o f  compounds on lym phocy te  t r a n s f o r m a t i o n  
may e i t h e r  be a s s e s s e d  by m o r p h o lo g i c a l  c r i t e r i a  su c h  a s  
i n c r e a s e  i n  c e l l  s i z e  o r  i n  t h e  number o f  m i t o t i c  f i g u r e s  
( P a n a y i  e t  a l , 1973) o r  by measurement  o f  one o f  t h e  many 
b i o c h e m i c a l  p a r a m e t e r s  which a r e  i n c r e a s e d  i n  t r a n s f o r m i n g  
ly m p h o c y te s .  I n  t h i s  c h a n t e r  t h e  b i o c h e m i c a l  p a r a m e t e r s
o f  i n c o r p o r a t i o n  o f
and t  H J -g lu c o s a m in e  was s t u d i e d .
e l e u c i n e
3 -2 EFFECT OF COMPOUNDS Oil DNA SYNTHESIS
IN PHA^-S TI Ht JLA-TED GUINEA-PIG LYMPH 
NODE CELLS
The e f f e c t  on DNA s y n t h e s i s  o f  known a n t i - i n f l a m m a t o r y  
d r u g s  and c a n d i d a t e  compounds was d e t e r m i n e d  by e x p o s in g  
c u l t u r e d  g u i n e a - p i g  lymph node c e l l s  t o  t h e  compound, f o r  
v a r i o u s  l e n g t h s  o f  t i m e .  A l l  compounds were  t e s t e d  when 
t h e y  were  p r e s e n t  t h r o u g h o u t  t h e  t o t a l  c u l t u r e  p e r i o d  
i n c l u d i n g  t h e  f o u r  h o u r  p u l s e  p e r i o d  w i t h  f t ]  - t h y m i d i n e .
I n  a d d i t i o n ,  c e r t a i n  compounds were added i m m e d ia te ly  b e f o r e  
t h e  l$ i. p u l s e  p e r i o d  w i t h  f t ]  - t h y m i d i n e ,  so t h a t  t h e  
compound was n o t  p r e s e n t  d u r i n g  t h e  c u l t u r e  p e r i o d .  One 
compound was a l s o  added a t  v a r i o u s  t i m e s  t h r o u g h o u t  t h e  
c u l t u r e  p e r i o d .
3 • 2 • 1  E f f e c t  On DNA. S y n t h e s i s  Of Compounds P r e s e n t
T h ro u g h o u t  The ^ o t a l  C u l t u r e  And P u l s e  P e r i o d s
C u l t u r e s  o f  g u i n e a - p i g  lymph node c e l l s  s t i m u l a t e d  w i th  
PEA were p r e p a r e d  a s  d e s c r i b e d  p r e v i o u s l y .  Compounds were 
added t o  g iv e  f i n a l  c o n c e n t r a t i o n s  o f  l/M t o  25C0/M, t h o u g h  
o f t e n  lo ff t  t o '  1000/M was employed .  A f t e r  IjOh. c u l t u r e  
j^H - t h y m i d i n e  was added f o r  a !jh. p u l s e .  A t  I4I1J1 . t h e  
r a d i o a c t i v i t y  i n c o r p o r a t e d  i n t o  a c i d - i n s o l u b l e  m a t e r i a l  was 
m easured  and t h e  e f f e c t  o f  t h e  d ru g  on DNA. s y n t h e s i s  c a l c u l a t e d  
by  r e f e r e n c e  t o  t h e  r a d i o a c t i v i t y  i n c o r p o r a t e d  i n  a d r u g - f r e e  
c o n t r o l .  The p e r c e n t a g e  i n h i b i t i o n  o f  t h e  r a t e  o f  
E S I  - t h y m i d i n e  i n c o r p o r a t i o n ,  o r  t h e  p r o b i t  t r a n s f o r m a t i o n  o f  
t h i s  p e r c e n t a g e  ( G a le  and C a r n e s ,  1 9 7 1 ) ,  was p l o t t e d  
g r a p h i c a l l y  a g a i n s t  t h e  l o g a r i t h m  o f  t h e  d ru g  c o n c e n t r a t i o n  
c a u s i n g  t h e  i n h i b i t i o n .  From t h e s e  g r a p h s  t h e  d rug  
c o n c e n t r a t i o n s  which i n h i b i t e d  ^ h J  - t h y m i d i n e  i n c o r p o r a t i o n  
by  50% ( I ^ q c ^ )  were d e t e r m i n e d .
T ab le  10 shows t h e  e f f e c t s  o f  s e v e r a l  a n t i - i n f l a m m a t o r y  
d r u g s  and sodium p - h y d r o x y b e n z o a t e  a c i d  on J^h] - t h y m i d i n e  
i n c o r p o r a t i o n  as  m easu red  by t h e  The e f f e c t  o f  t h e
m a j o r i t y  o f  t h e s e  d r u g s  was d e te r m in e d  o n ly  o n c e .
C h lo r o q u in e  and p r e d n i s o l o n e  were  more a c t i v e  i n h i b i t o r s  
t h a n  t h e  a c i d i c  a n t i - i n f l a m m a t o r y  d r u g s ,  h a v in g  I B Kr/o* t h a tJU/o
were 30 t o  100 f o l d  l o w e r .  Sodium s a l i c y l a t e  and i b u p r o f e n  
were o f  s i m i l a r  a c t i v i t y ,  and l e s s  a c t i v e  t h a n  i n d o m e t h a c i n ,  
p h e n y lb u t a z o n e  and f l u f e n a m i c  a c i d .  The non a n t i - i n f l a m m a t o r y  
s t r u c t u r a l  isomer o f  s a l i c y l a t e ,  p - h y d r o x y b e n z o a t e  d i d  i n h i b i t  
- t h y m i d i n e  i n c o r p o r a t i o n ,  b u t  o n l y  a t  h i g h  c o n c e n t r a t i o n s .
The dose  r e s p o n s e  c u r v e s  f o r  c e r t a i n  o f  t h e s e  d r u g s  a r e  
p l o t t e d ,  u s i n g  t h e  p r o b i t  t r a n s f o r m a t i o n  o f  t h e  p e r c e n t a g e  
i n h i b i t i o n  caused  by t h e  d r u g ,  i n  F i g u r e  10 .  The a n t i ­
i n f l a m m a to r y  s t e r o i d  p r e d n i s o l o n e  gave a  d ose  r e s p o n s e  c u r v e  
which v/as a p p r e c i a b l y  d i f f e r e n t  i n  s l o p e  t o  t h o s e  o f  t h e  
a c i d i c  a n t i - i n f l a m m a t o r y  d r u g s  and c h l o r o q u i n e .
The c a n d i d a t e  compounds t e s t e d ,  w i t h  t h e i r  s t r u c t u r e s ,  
and t h e i r  e f f e c t s  on - t h y m i d i n e  i n c o r p o r a t i o n ,  measured
by  t h e  ID^nc,?, a r e  p r e s e n t e d  i n  T a b le  11 .  The d o se  r e s p o n s e
/0 T 3 "1c u r v e s  o f  t h e  i n h i b i t i o n  o f  |_ H J - th y m id in e  i n c o r p o r a t i o n  by
members o f  an  homologous s e r i e s  o f  compounds,  t h e  6 , 8 - d i - a l k y l
s u b s t i t u t e d  chrom ones, '  a r e  shown i n  F i g u r e  1 1 ,  and  t h e  e f f e c t s
o f  o t h e r  s u b s t i t u t e d  chromones and non-chrornones i n  F i g u r e  1
The o f  t h e  c a n d i d a t e  compounds r a n g e d  from 15A i f o r
FPL55S22, which  i s  n o t  a ch rom one ,  t o  900/M f o r  FPL5067C
Oe~ •
( d i s o d i u m  crom og lyca  
FPL52839 j i n h i b i t e d
: e ) . The u n - s u b s t i t u t e d  ch rom one ,
p.h]  - t h y m i d i n e  i n c o r p o r a t i o n  by l e s s  t h a n
10% when t e s t e d  a t  c o n c e n t r a t i o n s  up to. 250q/*M.
FPL52816, t h e  5 , 7 - 3 i ~ t - b u t y l  s u b s t i t u t e d  chromone had  a 
s i m i l a r  t o  FPL52806, t h e  6 , 8 - d i - t - b u t y l  s u b s t i t u t e d
chromone.  The a c t i v i t y  o f  t h e  6 , 8 - d i - a l k y l  s u b s t i t u t e d  
chromones ( F i g u r e  11) was r e l a t e d  t o  t h e  s i z e  o f  t h e  
s u b s t i t u e n t .  I n c r e a s e  i n  t h e  s i z e  o f  t h e  s u b s t i t u e n t  
d e c r e a s e d  t h e  I D ^ ^ .  F o r  example  t h e  d i - t - p e n t y l  s u b s t i t u t e d  
chromone,  FPL36220, was more a c t i v e  t h a n  t h e  d i - t - b u t y l
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Figure 12. Inhibition of [^ hJ -Thymidine Incorporation of
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s u b s t i t u t e d  c h r o m o n e , F P L 5 2 8 0 6 .
R e p r o d u c i b i l i t y  o f  t h e  d e t e r m i n a t i o n  o f  compound p o t e n c y  by 
measurement o f  t h e  e f f e c t  on [V? - t h y m i d i n e  i n c o r p o r a t i o n  o f  
compound p r e s e n t  t h r o u g h o u t  t h e  c u l t u r e  and p u l s e  p e r i o d s .
The e f f e c t  o f  one o f  t h e  c a n d i d a t e  compounds, FPL52806, 
on - t h y m i d i n e  i n c o r p o r a t i o n  was d e te r m in e d  r e p e a t e d l y  
w i t h  t h e  compound p r e s e n t  t h r o u g h o u t  t h e  c u l t u r e  and p u l s e  
p e r i o d s .  These  a s s a y s  were p e r fo rm ed  o v e r  many months and 
t h e  dose  r e s p o n s e  c u r v e s  o b t a i n e d  a r e  shown i n  F i g u r e  13 ,  
t o g e t h e r  w i th  t h e  d a t e  o f  t h e  a s s a y  and t h e  I D p ^ - .  The
d ose  r e s p o n s e  c u r v e s ,  and  t h e  I v a l u e s  o b t a i n e d  from t h o s e ,
a g r e e d  w e l l  w i t h  one a n o t h e r .  The mean ID K<~0^  was 69/hi w i t hPU/o
a n  SD o f  5/M ( n = 5 ) .  The d e t e r m i n a t i o n  o f  d ru g  p o t e n c y  by 
t h i s  method was h i g h l y  r e p r o d u c i b l e .
E f f e c t  o f  FPL52806 on t h e  PHA d o se  r e s p o n s e  c u r v e .
’Alien t h e  e f f e c t  o f  d r u g s  on [3 „ ] - t h y m i d i n e  i n c o r p o r a t i o n
was m ea su re d ,  t h e  e x p e r i m e n t a l l y  d e te r m in e d  o p t i m a l
c o n c e n t r a t i o n  o f  PHA v;ap used  t o  s t i m u l a t e  c e l l  t r a n s f o r m a t i o n .  
I t  i s  w e l l  e s t a b l i s h e d  t h a t  a n t i - i n f l a m m a t o r y  d r u g s  c a n  a f f e c t  
membranes ( H i c h e n s ,  197U) and have  t h e  a b i l i t y  t o  b i n d  t o  
p r o t e i n s  and d i s p l a c e  p r e v i o u s l y  bound m a t e r i a l  (M cA rthur  e t  a l  
1 9 7 1 ) .
T h ese  p r o p e r t i e s  o f  a n t i - i n f l a m m a t o r y  compounds may have  
r e n d e r e d  t h e  p r e v i o u s l y  d e te r m in e d  o p t i m a l  c o n c e n t r a t i o n  o f  
PHA ( l / g / m l )  s u b - o p t i m a l .  T h i s  might  have  b e e n  r e s p o n s i b l e  
f o r  th e  i n h i b i t i o n s  o f  h} - t h y m i d i n e  i n c o r p o r a t i o n  s e e n  w i t h  
t h e  compounds. T h is  p o s s i b i l i t y  was i n v e s t i g a t e d  by  
d e t e r m i n i n g  t h e  PHA d o se  r e s p o n s e  c u rv e  w i t h  and w i t h o u t  
FPL52806. C u l t u r e s  c o n t a i n i n g  a r a n g e  o f  PHA. c o n c e n t r a t i o n s  
( 0 . 1  -  l o / g / m l ) ,  b o t h  w i t h  and w i t h o u t  75/M FPL52806, w e r e  
p r e p a r e d .  T h is  c o n c e n t r a t i o n  o f  FPL52806 had b een  shown 
p r e v i o u s l y  t o  i n h i b i t  p „ ]  - t h y m i d i n e  i n c o r p o r a t i o n  a t  4 0 h . ,  
u s i n g  l / g / m l  o f  PHA as  m i to g e n ,  by a b o u t  60% ( F i g u r e  1 1 ) .
At  1|0 and 6ijh. t h e  i n c o r p o r a t i o n  o f  
m ea su re d .
^hJ - t h y m i d i n e  was
Figure 13. Reproducibility of the Inhibition of {^hJ-Thymidine 
Incorporation of PHA-Stimulated Guinea-Pig Lymph 
Node Cells by FP'L 52806.
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T here  was no e v id e n c e  o f  a d i s p l a c e m e n t  o f  t h e  PHA. 
d ose  r e s p o n s e  c u rv e  i n  t h e  p r e s e n c e  o f  FPL528C6 r e l a t i v e  
t o  t h a t  i n  i t s  a b s e n c e ,  a t  b o t h  2+0 and 62+h. ( F i g u r e  1 2+ a and b ) .  
The p e r c e n t a g e  i n h i b i t i o n  o f  ^h ] - t h y m id in e  i n c o r p o r a t i o n  
were  s i m i l a r  a t  2+0 and 62+h. a t  a l l  PHA; c o n c e n t r a t i o n s .
3*2*2 E f f e c t  On Dill'.. S y n t h e s i s  Of Compound Added With 
The 1?h1 - t h y m i d i n e  At kC H o u r s .
The e f f e c t s  o f  a n t i - i n f l a m m a t o r y  d ru g s  and c a n d i d a t e  
compounds on P h )  - t h y m i d i n e  i n c o r p o r a t i o n  by P H A -s t im u la te d  
g u i n e a - p i g  lymph node c e l l s  w i t h  t h e  d ru g  p r e s e n t  t h r o u g h o u t  
t h e  e n t i r e  c u l t u r e  p e r i o d  was d e s c r i b e d  i n  t h e  p r e v i o u s  
s e c t i o n s  o f  t h i s  c h a p t e r .  To d e t e r m i n e  w h e th e r  o r  n o t  t h e  
i n h i b i t i o n s  o f  [ ^ h ] - t h y m i d i n e  i n c o r p o r a t i o n  s e e n  were a  
d i r e c t  and s p e c i f i c  e f f e c t  on some s t a g e  o f  t h e  i n c o r p o r a t i o n  
o f  p l l ] - t h y m i d i n e  i n t o  a c i d - i n s o l u b l e  m a t e r i a l  (DNA s y n t h e s i s )  
o r  due t o  a s p e c i f i c . o r  g e n e r a l  i n h i b i t i o n  o f  o t h e r  p r o c e s s e s  
i n  t h e  c e l l s ,  t h e  e f f e c t  o f  t h e  p re se n c e  o f  d r u g s ,  o n l y  d u r i n g  
t h e  p u l s e  p e r i o d  w i t h  jpn]  - t h y m i d i n e  was d e t e r m i n e d .
Compounds were added i n  0 ,1 m l  o f  E a g l e ! s medium t o  2+0h. 
c u l t u r e s  im m e d ia te ly  b e f o r e  t h e  a d d i t i o n  o f  M  - t h y m i d i n e , 
f o r  a  2+h. p u l s e .  The f i n a l  d rug  c o n c e n t r a t i o n s  were  t h o s e  
which had been  found  t o  i n h i b i t  p l l ] - t h y m i d i n e  i n c o r p o r a t i o n  
"by 50/b o r  more v/hen t h e  d r u g s  were  p r e s e n t  t h r o u g h o u t  t h e  
c u l t u r e  and p u l s e  p e r i o d s .
The compounds had l i t t l e  o r  no e f f e c t  on p s j - t h y m i d i n e  
i n c o r p o r a t i o n  when p r e s e n t  o n l y  d u r i n g  t h e  2+h. p u l s e  p e r i o d ,  
i n  c o n t r a s t  t o  t h e i r  a p p r e c i a b l e  e f f e c t  v/hen p r e s e n t  
t h r o u g h o u t  t h e  c u l t u r e  and p u l s e  p e r i o d s  ( T a b l e  1 2 ) .  
P h e n y lb u ta z o n e  a t  a f i n a l  c o n c e n t r a t i o n  o f  200/1* i n h i b i t e d  
p h j - t h y m i d i n e  i n c o r p o r a t i o n  by  5% when added f o r  t h e  2+h. p u l s e  
p e r i o d  and 6$fo when p r e s e n t  t h r o u g h o u t  t h e  c u l t u r e  and p u l s e  
p e r i o d s .  S i m i l a r l y  sodium s a l i c y l a t e  (300/M) and FPL52806 
(100/M) b o t h  c a u se d  2% i n h i b i t i o n  v/hen added a t  t h e  t i m e  o f  
p u l s i n g ,  i n  c o n t r a s t  t o  and ~J0% i n h i b i t i o n  r e s p e c t i v e l y  
when p r e s e n t  t h r o u g h o u t  t h e  t o t a l  c u l t u r e  and p u l s e  p e r i o d s .
Figure 14, Effect of 75yN FPL 52806 on the Incorporation of
[3h] -Thymidine — PHA Dose Response Curves at 40
and 64^  Hours
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TABLE 12* E f f e c t ^ o f  Compound A d d e d  a t  t h e  T i m e  o f  P u l p i n g
w i t h  L^e ] - T h y m i d i n e  a n d  t h a t  ^ r e s e n t  T h r o u g h o u t  
t h e  C u l t u r e  and  P u l s e  P e r i o d s  o n  
[ £ h ]  - T h y m i d i n e  I n c o r p o r a t i o n
% I n h i b i t i o n  o f
- T h y m i d i n e  I n c o r p o r a t i o n
Compound C o n c e n t r a t i o n ^  P r e s e n t  Only  P r e s e n t  T h ro u g h o u t
(Am ) D u r i n g  P u l s e  C u l t u r e  a n d  P u l s e
P e r i o d .  P e r i o d s
Sodium S a l i c y l a t e  300 2 50
I b u p r o f e n  500 ~3 ,8ij.
I n d o m e t h a c i n  200 -1 1  60
P h e n y l b u ta z o n e  200 5 67
F lu f e n a m ic  a c i d  ICO 0 50
C h l o r o q u in e  10 9 92
P r e d n i s o l o n e  1 2 . 5  *?10 59
FPL 556X8 200 16 55
FPL 52806 . 1 0 0  2 70
• FPL 55522 50 12 70
-  means s t i m u l a t i o n
I n  a s u b s e q u e n t  e x p e r im e n t  h i g h  c o n c e n t r a t i o n s  o f  
FPL52806, 6 , 8- d i - t - b u t y l  s u b s t i t u t e d  chrom one,  (250 -  5C0C^M), 
were added a t  t h e  t im e  o f  p u l s i n g  w i t h  p H * ] - t h y m i d i n e , and. 
a p p r e c i a b l e  i n h i b i t i o n  o f  ^ h } - t h y m i c i n e  i n c o r p o r a t i o n  was 
found  ( F i g u r e  1 5 ) .  The i n h i b i t o r y  a c t i o n  on I 5" ] - t h y m i d i n e  
i n c o r p o r a t i o n  o f  FPL52806 when p r e s e n t  t h r o u g h o u t  t h e  
c u l t u r e  and p u l s e  p e r i o d s  a r e  a l s o  r e p e a t e d  i n  F i g u r e  15 
f o r  c o m p a r i s o n .  . . ..
The dose  r e s p o n s e  c u rv e  f o r  FPL52806 added a t  t h e  t im e  
o f  p u l s i n g  was s i m i l a r  i n  s l o p e  t o  t h a t  o f  t h e  compound 
p r e s e n t  t h r o u g h o u t  t h e  c u l t u r e  and p u l s e  p e r i o d s .  The ID,-™/ 
was i n c r e a s e d  from 70/M to.  350/M.
3*2*3 E f f e c t  On I)UA S y n t h e s i s  O f  FPL526Q6 -Added At 
T i m e s  I n t e r m e d i a t e  B e t w e e n  I n i t i a t i o n  O f  T h e  
C u l t u r e s  And A d d i t i o n  O f  C ^ H l - ^ h y m i d l n e .
The e f f e c t s  o f  d r u g s  on - t h y m i d i n e  i n c o r p o r a t i o n  
h ave  b e en  d e s c r i b e d  when t h e  d r u g s  were p r e s e n t  f o r  e i t h e r :  
a )  2|Oh. c u l t u r e  p e r i o d  plus_lj.h. p e r i o d ,  o r  b )  t h e  4h .  p u l s e  
p e r i o d  o n l y .  The e f f e c t  on t h e  r a t e  o f  j ^ K j - t h y m i d i n e  
i n c o r p o r a t i o n  o f  FPL528G6 added a t  i n t e r m e d i a t e  t i m e s  i s  
now c o n s i d e r e d .
FPL52806, a t  f i n a l  c o n c e n t r a t i o n s  o f  i{-9 and 95/M, was 
added t o  c u l t u r e s  o f  P H A - s t im u la te d  lymph node c e l l s  a t  
0 , 2 , I4 , 7 ? 18,  26 and l*2h .  a f t e r  i n i t i a t i o n  o f  t h e  c u l t u r e s .  
P l i ] - t h y m i d i n e  was added t o  t h e  c u l t u r e s  a t  l|3h .  f o r  a i |h. 
p u l s e  p e r i o d . .  when t h e  a c i d - i n s o l u b l e  m a t e r i a l  v/as i s o l a t e d  
a t  U7M. t h e  v a r i o u s  c u l t u r e s  had b e e n  exposed  t o  FPL52806  f o r  
b l i  b 5 , b 3 , bO 9 2 9 , 21 and 5h .  r e s p e c t i v e l y .
The e f f e c t  o f  FPL52806 on P h J , - t h y m i d i n e  i n c o r p o r a t i o n  
i s  shown i n  F i g u r e  16.  A p r o g r e s s i v e l y  lo w e r  i n h i b i t i o n  o f  
p H * ] - thy m id in e  i n c o r p o r a t i o n  w i t h  d e c r e a s i n g  t im e  o f  e x p o s u r e  
o f  t h e  lymph node c e l l s  t o  t h e  d ru g  was o b s e r v e d .  FPL528C6 
(95  and I4.9/M) p r e s e n t  t h r o u g h o u t  t h e  t o t a l  c u l t u r e  and  p u l s e  
p e r i o d s  o f  J ;7h . ,  c aused  6b  and 29^  i n h i b i t i o n  r e s p e c t i v e l y
Figure 15. Inhibition of [ H -Thymidine Incorporation of
PHA-Stimulated Guinea-Pig Lymph Node Cells by 
FPL' 52806 Present Only During the Pulse Period 
"and FPL'52806 Present ThrdUghdOt the Culture
and Pulse Periods.
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and t h a t  p r e s e n t  f o r  i+3h., c au se d  56 and 27£ i n h i b i t i o n  
r e s p e c t i v e l y .  Then p r e s e n t  f o r  29h .  i t  i n h i b i t e d  by Jj.8 . 
and 2L\%, f o r  26h.  i t  i n h i b i t e d  by 38 and 19%, and f o r  5h .  
by  15 and 10#.  The d e c r e a s e  i n  i n h i b i t i o n  w i t h  r e d u c i n g  
t im e  o f  e x p o su re  t o  t h e  compound was g r e a t e r  f o r  95/M PPL52806 
( 6 t o  15%) t h a n  f o r  t h e  lo w e r  c o n c e n t r a t i o n ,  l\S/U (2 9 -  t o  107c ) .
3*2*k  E f f e c t  Of FPL52806 On DNA S y n t h e s i s  I n  A n t i g e n -  
S t i m u l a t e d  G u in e a - P ig  Lymph ITode C e l l s .
I n  t h e  p r e v i o u s  s e c t i o n s  o f  t h i s  c h a p t e r  i n h i b i t i o n ,  
by  e s t a b l i s h e d  a n t i - i n f l a m m a t o r y  d r u g s  and c a n d i d a t e  
compounds,  o f  t h e  r a t e  o f  i n c o r p o r a t i o n  o f  N  - t h y m i d i n e  
by  P E A - s t im u la t e d  g u i n e a - p i g  lymph node c e l l s  h a s  b e e n  
d e s c r i b e d .  C e l l s  h a v e ' b e e n  s t i m u l a t e d w i t h  PHA s i n c e  t h i s  
sy s te m  i s  r e p r o d u c i b l e  and t h e  m agn i tude  o f  t h e  i n c r e a s e  i n  
- t h y m i d i n e  i n c o r p o r a t i o n  caused  by PIIA i s  l a r g e ,  and 
e a s i l y  and a c c u r a t e l y  m easu red .  I n  t h i s  s e c t i o n  t h e  e f f e c t  
o f  a c a n d i d a t e  compound 6 , 8 - d i - a l k y l  chromone (FPL52806) i s  
d e te r m in e d  on - t h y m i d i n e  i n c o r p o r a t i o n  by a n t i g e n -  
s t i m u l a t e d  g u i n e a - p i g  lymph node c e l l s .
C u l t u r e s  o f  l y m p h  n o d e  c e l l s  f r o m  a  g u i n e a - p i g  
s e n s i t i z e d . t o  o v a l b u m i n  were p r e p a r e d  a s  d e s c r i b e d  p r e v i o u s l y .
The c u l t u r e s  c o n t a i n e d  l o c o / g / m l  o f  o v a lb um in  and PPL528C6 
a t  c o n c e n t r a t i o n s  fo u n d  t o  i n h i b i t  [^ h ] - t h y m id in e  i n c o r p o r a t i o n  
i n  P E A - s t im u la t e d  c e l l s .  At ZjCh. [^h] - t h y m i d i n e  ( l / C i )  was 
added t o  t h e  c u l t u r e s  f o r  a  ijh. p u l s e ,  when t h e  t r i c h l o r o a c e t i c  
a c i d - i n s o l u b l e  m a t e r i a l  was i s o l a t e d .
T ab le  13 shows t h e  e f f e c t  o f  PPL52806 on t h e  i n c o r p o r a t i o n  
o f  [3h ]  - t h y m i d i n e  by . a n t i g e n - s t i m u l a t e d  g u i n e a - p i g  lymph node 
c e l l s .  The c o n c e n t r a t i o n  o f  FPL52806 w hich  i n h i b i t e d  
p H  - t h y m i d i n e  i n c o r p o r a t i o n  by 50% v/as a b o u t  I4.5/M which  i s  
n o t  g r e a t l y  d i f f e r e n t  from t h e  c o n c e n t r a t i o n  o f  FPL52806 ( 69/M ) 
which i n h i b i t e d  p l i j - t h y m i d i n e  i n c o r p o r a t i o n  by 50% i n  PEA- 
s t i m u l a t e d  c e l l s .  R e s u l t s  o b t a i n e d  u s i n g  PHA- s t i m u l a t e d  c e l l s  
may t h e r e f o r e  be a p p l i c a b l e  t o  a n t i g e n - s t i m u l a t e d  c e l l s .
TABLE 13. E f f e c t  o f  FPL82806 on t h e  I n c o r p o r a t i o n  o f
      —  "
_ HJ-Thymic l ine  b y  A n t i g e n  ( O v a l b u m i n ) - S t i m u l a t e d  
G u i n e a - P i g  Lymph !To d e  C e l l s
Concn. o f  FPL52806, 
(/*M)
23
50
75
100
150
P e r c e n t a g e  I n h i b i t i o n  o f  
t h e  P a t e  o f  I n c o r p o r a t i o n  
o f  p H ]  - T h y m i d i n e
kO + 12 
53 ± 7 
66  + 7 
72 ± 3
75 ± 7
3 - 3 EFFECT OF CONFOUNDS OTT PROTEIN SYNTHESIS
IN PHA.-STIMULATEF GUINEA-PIG LY;TPH NOPE
CELLS
‘The e f f e c t  o f  a n t i - i n f l a m m a t o r y  d ru g s  and c a n d i d a t e  
compounds on t h e  r a t e  o f  i n c o r p o r a t i o n  o f  - t h y m i d i n e  
by P I IA -s t im u la te d  g u i n e a - p i g  lymph nodes h a s  b e e n  d e s c r i b e d .
To d e t e r m i n e  w h e th e r  o r  n o t  t h e s e  compounds i n h i b i t e d  o t h e r  
s y n t h e t i c  a c t i v i t i e s  o f  P I IA -s t im u la te d  c e l l s  t h e i r  e f f e c t  
on t h e  r a t e  o f  p ^ c ] - l e u c i n e  i n c o r p o r a t i o n  was i n v e s t i g a t e d .
-L e u c in e  i n c o r p o r a t i o n  i n t o  a c i d - i n s o l u b l e  m a t e r i a l  was 
m easured  a s  a n . i n d e x  o f  p r o t e i n  s y n t h e s i s .
The compounds were  t e s t e d  when p r e s e n t  t h r o u g h o u t  t h e  
c u l t u r e  and p u l s e  p e r i o d s .  One compound, F P L 52806 , was 
t e s t e d  when added a t  v a r i o u s  t im e s  t h r o u g h  t h e  c u l t u r e  p e r i o d .
3*3*1 E f f e c t  On P r o t e i n  S y n t h e s i s  Of Compounds
P r e s e n t  T hroughou t  mhe C u l t u r e  And P u l s e  P e r i o d s .
- L e u c in e  i n c o r p o r a t i o n  by c u l t u r e s  o f  g u i n e a - p i g  
lymph, node c e l l s  was measured  a t  40h.  u s in g  a  hh .  p u l s e  
p e r i o d .  The compounds were p r e s e n t  t h r o u g h o u t  t h e  c u l t u r e  
and p u l s e  p e r i o d s  a t  c o n c e n t r a t i o n s  which had b e en  found  
s u i t a b l e  f o r  d e m o n s t r a t i n g  t h e  i n h i b i t i o n  o f  t h e  r a t e  o f  * 
P n " J - th y m id in e  i n c o r p o r a t i o n .  The s i m u l t a n e o u s  i n c o r p o r a t i o n  
o f  b o t h  [ ^ c ] - l e u c i n e  and jp H ^ - th y m id in e  was m easured  i n  most 
e x p e r i m e n t s .  The p e r c e n t a g e  i n h i b i t i o n  o f  t h e  r a t e  o f  
p ^ c ] - l e u c i n e  i n c o r p o r a t i o n  due t o  t h e  compound w/as c a l c u l a t e d  
by com p a r iso n  v / i t h - t h e  r a t e  o f  t h e  i n c o r p o r a t i o n  o f  p ^ c j - l e u c i n e  
by d r u g - f r e e  c u l t u r e s .  ' The c o n c e n t r a t i o n  o f  compound t h a t
caused  50^ i n h i b i t i o n  (ID^™?) was e s t i m a t e d  from a p r o b i t
J /0 f l h  1p l o t  o f  t h e  p e r c e n t a g e  i n h i b i t i o n  o f  t h e  r a t e  o f  C J - l e u c i n e
i n c o r p o r a t i o n  a g a i n s t  compound c o n c e n t r a t i o n .
The e f f e c t  o f  c e r t a i n  c a n d i d a t e  compounds, m a in ly  members
o f  a  s e r i e s  o f  6 , 8 - d i - a l k y l  s u b s t i t u t e d  ch ro m o n e s ,  and 
c h l o r o q u i n e  on t h e  r a t e  o f  [1 4c] - l e u c i n e  i n c o r p o r a t i o n  i n  
t e r m s  o f  t h e  a r e  shown i n  T a b le  11+. The TDr-^af f o rW  r3
i n h i b i t i o n  o f  t h e  r a t e  o f  H
50%
- t h y m i d i n e  i n c o r p o r a t i o n  a r e  
shown a l s o .  The p r o b i t  p l o t s  o f  t h e  p e r c e n t a g e  i n h i b i t i o n  
a r e  p r e s e n t e d  i n  F i g u r e  17 .
The f ° r  i n h i b i t i o n  o f  t h e  r a t e  o f  N  - l e u c i n e
i n c o r p o r a t i o n  r a n g e d  from 1600/M f o r  FPL55585, t h e  
6 , 8 - d i - m e t h y l  s u b s t i t u t e d  chrom one ,  t o  7U/M f o r  FPL56220, 
t h e  6 , 8 - d i - t ~ p e n t y l  s u b s t i t u t e d ,  chromone.  C h l o r o q u i n e
was more a c t i v e  t h a n  any o f  t h e  chromones t e s t e d .  The 
v a l u e s  o f  I f o r  i n h i b i t i o n  o f  t h e  r a t e  o f  - l e u c i n e
i n c o r p o r a t i o n  were a p p r e c i a b l y  l a r g e r  t h a n  t h e  ID C^  v a l u e s
r  3 - i  50/o
f o r  i n h i b i t i o n  o f  t h e  r a t e  o f  L H J - th y m id in e  i n c o r p o r a t i o n ;  
i s . .  [ 14c ]  - l e u c i n e  i n c o r p o r a t i o n  was l e s s  s e n s i t i v e  t h a n  
P H ]  - t h y m i d i n e  i n c o r p o r a t i o n  t o  i n h i b i t i o n  by t h e  compounds 
t e s t e d .
The p r o b i t  p l o t s ,  F i g u r e  1 7 ,  o f  t h e  p e r c e n t a g e  
i n h i b i t i o n  o f  t h e  r a t e  o f  j j ^ c j - l e u c i n e  i n c o r p o r a t i o n ,  
a g a i n s t  FPL compound c o n c e n t r a t i o n  gave  d o se  r e s p o n s e  c u r v e s  
o f  s i m i l a r  s h a p e .  The c h l o r o q u i n e  dose  r e s p o n s e  c u r v e  was 
n o t  as  s t e e p  a s  t h o s e  o f  t h e  ch ro m on es .
E f f e c t  o f  FPL52806 on t h e  PHA d o se  r e s p o n s e  c u r v e .
The e f f e c t  o f  FPL52806 on t h e  PHA. d o se  r e s p o n s e  Curve 
when £^ h ] - t h y m id in e  i n c o r p o r a t i o n  was m easured  h a s  b e e n  
p r e v i o u s l y  d e t e r m i n e d .  I t  was found  t h a t  FPL52806 d i d  n o t  
d i s p l a c e  t h e  PHA dose  r e s p o n s e  c u r v e .  S i m i l a r l y  t h e  e f f e c t  
o f  FPL52806 on - l e u c i n e  i n c o r p o r a t i o n  u s i n g  a  r a n g e  o f
PHA c o n c e n t r a t i o n s  was m easured  t o  d e t e r m i n e  w h e t h e r  o r  n o t  
t h e  p r e s e n c e  o f  FPL52806, t h r o u g h o u t  t h e  c u l t u r e  and p u l s e  
p e r i o d s ,  a f f e c t e d  t h e  PHA d o se  r e s p o n s e  c u r v e .
C u l t u r e s  c o n t a i n i n g  a  r a n g e  o f  PHA c o n c e n t r a t i o n s  
( 0 . 1  -  1 0 / g / m l ) ,  w i t h  and w i t h o u t  FPL52806 ( 7 5 / M ) ,  were  
p r e p a r e d .  T h i s  c o n c e n t r a t i o n  o f  FPL52806 had  p r e v i o u s l y
TABLE I k • C o n c e n t r a t i o n s  o f  C a n d i d a t e  C o m p o u n d s  a n d  
C h l o r o q u i n e  P r e s e n t  T h r o u g h o u t  t h e  C u l t u r e  
a n d  P u l s e  P e r i o d s  w h i c h  I n h i b i t e d  t h e  R a t e  
o f  - L e u c i n e  a n d  C-’n l  - T h y m i d i n e
I n c o r p o r a t i o n  b y  30% (JE^qc^)*
ID50 %>i 
(>M) ■.
C om p ou n d  r°J - L e u c i n e  - T h y m i d i n e
PPL 52839 2500 2500
PPL 55585 1600 700
PPL 55689 400 220
PPL 55731 140 77
PPL 52806 92 69
PPL 56294 90 80
PPL 56220 74 51
Chloroquine 2 .8

been found to inhibit the rate of N  -leucine incorporation, 
using l/g/ml of PHA, by k O %  (Figure 17). At AO and 6Ah.
f l l i i
the incorporation of C -leucine was measured. There was 
no evidence of a displacement of the PHA dose response curve 
in the presence of FPL52806 at both AO and 6Ah. (Figure 18 
a and b ) .  The percentage inhibition of j^^c]-leucine 
incorporation was similar at AO and 6Ah. at all PHA 
concentrations.
3*3*2 E f f e c t  On P r o t e i n  S y n t h e s i s  O f  FPL52806 A d d e d  
At T i m e s  I n t e r m e d i a t e  B e t w e e n  I n i t i a t i o n  O f
The Cultures And Addition Of The -Leucine
Pulse.
The effect of compounds on N  -leucine incorporation 
have been described when the compound was present throughout 
the total AOh. culture period and the Ah. pulse period. Here 
the effect of FPL52806 added at various times through the 
culture period, on the rate of 
is described.
■leucine incorporation
FPL52806, at final concentrations of A9 and 95/M was 
added to cultures of PHA-stimulated lymph node cells at 
0 ,  2 ,  A* 7 ,  18, 26 and A2h. -leucine was added to the
cultures at A3h. for a Ah. pulse period, so that when the
acid-insoluble material was isolated at A7h. the various 
cultures had been exposed to the compound for A7, A5, A3, AO, 
29, 21 and 5h. respectively.
The effect of the presence of FPL52806 (A9 and 95/*M) for
these various times are shown in Figure 19. There was a
progressively smaller inhibition of the rate of -leucine
incorporation with decreased time of exposure of the cells 
to FPL52806. W h e n  the compound was present for A7h. A9 and 
95/M FPL52806 caused 29 and 6 l$ > inhibition respectively, and 
when present for 29h. the corresponding inhibitions were 
2A and A8$, while drug present for 5h. caused 9 and 15$ 
inhibition respectively. The progressive reduction in
Figure 18, ‘ ^ Effect of75yM'FPL'52806 on the Incorporation
a) 40 Hours
D.P.M.
per
culture
b) 64 Hours
D.P.M.
per
culture
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Figure 19, ^Decrease in the Inhibition of l cj -Leucine
...Incorporation at 43 Hours of PHA-Stimulated Guinea-
Pig Lymph Node Cells by FPL 52806 C49 and 95yH] 
'added at Various Times After Initiation of the
Cultures.
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i n h i b i t i o n ,  w i t h  d e c r e a s e d  l e n g t h  o f  t i m e  o f  e x p o s u r e  o f  
t h e  c e l l s  t o  t h e  compound, was g r e a t e r  w i t h  t h e  h i g h e r  
c o n c e n t r a t i o n  o f  FPL52806 (95/M) t h a n  t h e  lo w e r  (U5/M).
EFFECT OF COMPOUNDS ON RNA SYNTHESIS 
IN PHA-STIMULATED LYMPH NODE CELLS
The e f f e c t  o f  i n h i b i t o r y  compounds on two b i o - s y n t h e t i c  
p r o c e s s e s ,  n am e ly ,  DNA and p r o t e i n  s y n t h e s i s ,  o f  PHA- 
s t i m u l a t e d  lymph node c e l l s  have  b e e n  d e s c r i b e d  p r e v i o u s l y .
The e f f e c t  o f  FPL52806, and c h l o r o q u i n e ,  on t h e  r a t e  o f  a  
f u r t h e r  s y n t h e t i c  p r o c e s s ,  t h e  i n c o r p o r a t i o n  o f  P h } - u r i d i n e  
i s  r e p o r t e d  h e r e .  The i n c o r p o r a t i o n  o f  ^ h] - u r i d i n e  was 
m easu red  a s  a n  i n d e x  o f  RNA s y n t h e s i s .
The e f f e c t  o f  compounds on t h e  r a t e  o f  - u r i d i n e
i n c o r p o r a t i o n  was d e t e r m i n e d ,  u s i n g  Uh. p u l s e s  w i t h  jpli j  - u r i d i n e ,
a t  two t i m e s ,  l h .  and 2 0h .  I t  had b e e n  fo un d  ( F i g u r e  6)  t h a t
b o t h  n o n - s t i m u l a t e d  and P H A - s t im u la te d  c u l t u r e s  i n c o r p o r a t e d
f3  *1
l a r g e  amounts  o f  [ H I - u r i d i n e  i m m e d ia te ly  a f t e r  p r e p a r i n g  t h e  
c u l t u r e s ,  and t h a t  t h e  maximum d i f f e r e n c e  i n  [ ^ h ] - u r i d i n e  
i n c o r p o r a t i o n  be tw een  s t i m u l a t e d  and n o n - s t i m u l a t e d  c u l t u r e s  
o c c u r r e d  a t  20h .  The compounds ,  FPL52806 and c h l o r o q u i n e ,  
were  p r e s e n t  t h r o u g h o u t  t h e  c u l t u r e  p e r i o d ,  o f  1 o r  2 0 h . , and  
t h e  i+h. p u l s e  p e r i o d .
3*V I  E f f e c t  Of FPL52806 On RNA S y n t h e s i s  A t  l&n<f20 Hours
C u l t u r e s  c o n t a i n i n g  FPL52806,  6 , 8 - d i - t - b u t y l  ch ro m on e ,  
a t  f i n a l  c o n c e n t r a t i o n s  o f  0 ,  5 0 ,  7 5 ,  100 ,  150 and 200/M, 
w i t h  and w i t h o u t  3 / g / m l  PHA, were  p r e p a r e d .  A f t e r  l h .  and 
2 0h .  o f  i n c u b a t i o n  t h e  i n c o r p o r a t i o n  o f  p H * ] - u r i d i n e  was 
m e a su re d .  The i n h i b i t i o n s  o f  t h e  r a t e s  o f  p H  - u r i d i n e  
i n c o r p o r a t i o n  found  a t  1 and 20h .  i n  t h e  p r e s e n c e  and  a b s e n c e  
o f  PHA a r e  shown i n  T a b le  15 and F i g u r e  20 .
The i n c o r p o r a t i o n  o f  p H * ] - u r i d i n e  a t  2 0h .  was more 
s e n s i t i v e  t o  t h e  i n h i b i t o r y  a c t i o n  o f  FPL52806 t h a n  t h e  
i n c o r p o r a t i o n  a t  l h .  Though t h e  IB^qo* v a l u e s  o b t a i n e d  f rom 
t h e  p r o b i t  p l o t s  o f  t h e  p e r c e n t a g e  i n h i b i t i o n  o f  t h e  r a t e s  o f
TABLE 15*  E f f e c t  o f  F P L 5 2 8 0 6  o n  t h e  I n c o r p o r a t i o n  o f
E^h ] - U r i d i n e  a t  1 an d  2 0 h .  b y  P H A - S t im u la t e d
a n d  N o n - S t i m u l a t e d  G u i n e a - P i g  Lym ph N o d e  C e i l s
Concn. of
FPL52806, 
( J4 M )
Percentage Inhibition o 
Incorporation of p*H
£* the Hate of 
-Uridine
Pulse at lh.
PHA No PHA 
(Vg/ml)
Pulse at 20h.
PHA. Ho PHA 
(l/g/ral)
50
75
100
150
200
7 + 3  7 + 1
20 + 4 18 + 2
8 + 2  2 3 + 6
1 2 + 3  13 + 5 21 + 10 1+1 + 4
36 + 4 5 7 + 6
36 + 2 27 + 3 64 + 2 76 + 1
5 2 + 2  4 0 + 3  8 7 + 1  8 8 + 1
ID5C$ 200 300 110 90 M
Figures are the means of 5 replicate cultures + SD.
Figure 20, ' Inhibition., of [^ h]-Uridine Incorporation at
1 'arid '20 HbOrs 'of PHA-Stimulated Guinea-Pig 
Lymph Node Cells by FPL 52806.
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p H ^ - u r i d i n e  i n c o r p o r a t i o n  i n  t h e  p r e s e n c e  and a b s e n c e  o f  
PHA were s i m i l a r  a t  a  g iv e n  t i m e ,  f o r  example  l h . , t h e y  were 
n o t  i d e n t i c a l .  The p r e s e n c e  o f  PHA cau se d  r e a l  d i f f e r e n c e s  
i n  t h e  e f f e c t  o f  FPL52806 a t  any g i v e n  t im e  o f  p u l s i n g  w i th  
- u r i d i n e .
3*4*2 E f f e c t  Of C h l o r o q u i n e  On PITA S y n t h e s i s  At 
1 and 20 H o u r s .
C h l o r o q u in e  was t e s t e d  on [^h] - u r i d i n e  i n c o r p o r a t i o n  a t  
1 and 20h .  u s i n g  a  4h .  p u l s e  p e r i o d .  The e f f e c t  o f  
c h l o r o q u i n e  o n l y  on t h e  i n c o r p o r a t i o n  by P H A - s t im u la te d  c e l l s  
was d e t e r m i n e d ,  i n  c o n t r a s t  t o  t h e  s t u d y  o f  t h e  e f f e c t  o f  
FPL52806. The e f f e c t  o f  t h e  p r e s e n c e  o f  c h l o r o q u i n e  ( 1 - 1 0 0 / M ) ,  
t h r o u g h o u t  t h e  c u l t u r e  and p u l s e  p e r i o d s ,  on t h e  r a t e s  o f  
P h]  - u r i d i n e  i n c o r p o r a t i o n  a t  1 and 20h .  i s  shown i n  T a b le  16 
and t h e  dose  r e s p o n s e  c u r v e s  i n  F i g u r e  2 1 ,  i n  t h e  f o rm  o f  
t h e  p r o b i t  t r a n s f o r m a t i o n  o f  t h e  p e r c e n t a g e  i n h i b i t i o n  o f  
i n c o r p o r a t i o n .
C h l o r o q u in e  p r e s e n t  f o r  20h .  b e f o r e  m easurem ent  o f  
p l i ] - u r i d i n e  i n c o r p o r a t i o n  c a u s e d  g r e a t e r  i n h i b i t i o n  t h a n  when 
p r e s e n t  f o r  o n l y  l h .  b e f o r e  p u l s i n g  w i t h  pH^ - u r i d i n e .  100/ M 
c h l o r o q u i n e  i n h i b i t e d  pf i j  - u r i d i n e  i n c o r p o r a t i o n  by  95$  when 
i n c o r p o r a t i o n  was m easured  a t  t h e  l a t e r  t i m e ,  b u t  o n l y  18$ 
a t  l h .  S i m i l a r l y  10/M c h l o r o q u i n e  c a u s e d  26$ i n h i b i t i o n  
a t  20h . ,  b u t  s t i m u l a t e d  t h e  i n c o r p o r a t i o n  o f  p H  - u r i d i n e  
a t  l h .  by 2$ .  The p r o b i t  t r a n s f o r m e d  d ose  r e s p o n s e  c u r v e  
f o r  t h e  e f f e c t  o f  c h l o r o q u i n e  on p H ^ - u r i d i n e  i n c o r p o r a t i o n  
a t  20h.  was n o t  l i n e a r ,  F i g u r e  2 1 .  The d ru g  c o n c e n t r a t i o n  
c a u s i n g  50$  i n h i b i t i o n  o f  i n c o r p o r a t i o n ,  a t  20h .  was
20/M. The c o r r e s p o n d i n g  f o r  t h e  e f f e c t  o f  c h l o r o q u i n e
a t  l h .  was e s t i m a t e d  by e x t r a p o l a t i o n  t o  be a b o u t  300/M.
TABLS 1 6 . E f f e c t  o f  C h l o r o q u in e  on t h e  I n c o r p o r a t i o n  o f  
P h ] -U r i d i n e  a t  1 and 20h .  by P H A -S t im u la te d  
G u i n e a - P i g  Lymph Node C e l l s
Concn , o f  C h lo r o q u in e ,  P e r c e n t a g e  I n h i b i t i o n  o
o f  I n c o r p o r a t i o n  o f  p H
“ t h e  R a te  
- U r i d i n e
P u l s e  a t  l h .  P u l s e  a t  2 0h .
1 - 1 + 2  5 + 3
2 - 1 + 2  7 + 1 0
5 -3 + 3 17 + 6
10 - 2 + 4  2 6 + 6  
20 2 + 3 51 + 3
50 10 + 3 83 + 1
100 18 + 2 95 + 1
means s t i m u l a t i o n  o f  P h I - u r i d i n e  
i n c o r p o r a t i o n
F i g u r e s  a r e  t h e  means o f  5 r e p l i c a t e s  + SD
Figure 21. Inhibition of l HJ-Uridine Incorporation
at 1 and 20 Hours of PHA-Stimulated Guinea- 
Pig Lymph Node Cells by Chloroquine.
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3 - 5 EFFECT OF F P L 328Q 6  ON P hI-GLUCOSAM INE
INCORPORATION BY PHA-STIMULATED GUINEA-  
PIQ LYMPH NODE CELLS
The i n h i b i t i o n  by compounds o f  t h r e e  b i o - s y n t h e t i c  
p r o c e s s e s  i n  s t i m u l a t e d  lymph node c e l l s  have  been d e s c r i b e d  
i n  t h e  p r e v i o u s  s e c t i o n s  o f  t h i s  c h a p t e r .  H e re  t h e  e f f e c t  
o f  FPL52806 on t h e  r a t e  o f  i n c o r p o r a t i o n  o f  - g l u c o s a m i n e  
i s  d e s c r i b e d .
T h e  i n c o r p o r a t i o n  o f  - g l u c o s a m i n e  w a s  m e a s u r e d  
a s  a n  i n d e x  o f  g l y c o p r o t e i n  s y n t h e s i s  ( H a y d e n  e t  a l , 1 9 7 0 ) .
C u l t u r e s  c o n t a i n i n g  a r a n g e  o f  FPL32806, 6 , 8- d i - t - b u t y l  
chrom one,  c o n c e n t r a t i o n s  ( 33. t o  300/M) were  p r e p a r e d .  At  l+Oh. 
t h e  r a t e  o f  i n c o r p o r a t i o n  o f  [^ hJ - g l u c o s a m i n e  d u r i n g  a  Lpi. 
p u l s e  was measured and t h e  p e r c e n t a g e  i n h i b i t i o n  due t o  t h e  
p r e s e n c e  o f  t h e  compound c a l c u l a t e d  by r e f e r e n c e  t o  t h e  
i n c o r p o r a t i o n  by a  d r u g - f r e e  c o n t r o l .
T a b l e  17 shows t h e  e f f e c t  o f  FPL52806 on - g l u c o s a m i n e  
i n c o r p o r a t i o n ,  t h e  i n h i b i t i o n  r an g e d  from 98/Z w i t h  200/M 
compound, t o  2k% w i t h  33/M FPL32806. The IDc™** was e s t i m a t e d  
t o  be  38/M ( F i g u r e  2 2 ) .  T h i s  f i g u r e  i s  s i m i l a r  t o  t h e  I D r - ^
[ -2  “ | PU/OH J-  
t h a n  t h a t
t h y m i d i n e  i n c o r p o r a t i o n  a t  UOh. (69/  M), t h o u g h  lo w e r  
o f  - l e u c i n e  i n c o r p o r a t i o n  a t  kOh. (9 2 /M ) .
TABLE 1 7 *  E f f e c t  o f  F P L 5 2 8 0 6  o n  t h e  I n c o r p o r a t i o n  o f
S I  -G lu co sam in e  by P H A -S t im u la ted  G u in e a - P ig  
Lymph Node C e l l s
Concn. o f  FPL52806, 
(Ml) 1
33
50
75
100
150
200
300
P e r c e n t a g e  I n h i b i t i o n  o f  t h e  
R a te  o f  I n c o r p o r a t i o n  o f  
J !lj -G lu co sam ine
2 k  ±  13 
i+0 + 8
5 2 + 1 +
79 ± 3 
8 9 + 4  
98 + 2 
9 6 + 3
F i g u r e s  a r e  t h e  means o f  5 r e p l i c a t e s  + SD.
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p^*j^gu£*g 22 Inhibition o~P L HJ -Glucosamine Incorporation 
at 40 Hours of PHA-Stimulated Guinea-Pig 
Lymph Node Cells, by- FPL 52806.
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3*6 SUMMARY
The e f f e c t s  o f  e s t a b l i s h e d  a n t i - i n f l a m m a t o r y  d r u g s  
and c a n d i d a t e  compounds on t h e  s y n t h e t i c  a c t i v i t i e s  o f  
s t i m u l a t e d  g u i n e a - p i g  lymph node c e l l s  have  b e e n  i n v e s t i g a t e d .  
PHA h a s  g e n e r a l l y  b e e n  used  as  t h e  s t i m u l a n t  o f  t h e  lymph 
node c e l l s .  The s y n t h e t i c  a c t i v i t i e s  measured  h a v e  i n c l u d e d  
i n c o r p o r a t i o n  o f  p i ] - t h y m i d i n e ,  - l e u c i n e ,  A^ h ] - u r i d i n e
and . [ % ]  - g l u c o s a m i n e .
E s t a b l i s h e d  a n t i - i n f l a m m a t o r y  d r u g s , when p r e s e n t  
t h r o u g h o u t  t h e  e n t i r e  UOh. c u l t u r e  and i+h. p u l s e  p e r i o d ,  
i n h i b i t e d  [^h] - t h y m i d i n e  i n c o r p o r a t i o n  i n  t h e  f o l l o w i n g  o r d e r  
o f  i n c r e a s i n g  p o t e n c y ,  sodium s a l i c y l a t e ,  i b u p r o f e n ,  
i n d o m e t h a c i n ,  p h e n y l b u t a z o n e , f l u f e n a m i c  a c i d ,  p r e d n i s o l o n e  
and c h l o r o q u i n e  ( T a b l e  1 0 ) .  C a n d id a t e  compounds a l s o  
i n h i b i t e d  t h e  i n c o r p o r a t i o n  o f  p H  - t h y m i d i n e  when t e s t e d  
u n d e r  t h e  same c o n d i t i o n s  ( T a b l e  1 1 ) .  However when d r u g s  
and c a n d i d a t e  compounds were  added a t  t h e  same t im e  a s  t h e  
p H ^ - t h y m i d i n e  a t  kOh. n e g l i g i b l e  i n h i b i t i o n  was s e e n  ( T a b l e  1 2 ) ,  
th ou g h  h i g h e r  c o n c e n t r a t i o n s  o f  one c a n d i d a t e  compound,
6 , 8 - d i - t - b u t y l  chromone (FPL52806) ,  was shown t o  i n h i b i t  t h e  
i n c o r p o r a t i o n  o f  P h] - t h y m i d i n e  when added w i t h  t h e  
p H j - t h y m i d i n e  ( F i g u r e  1 5 ) .  A d d i t i o n  o f  FPL52806 a t  t i m e s  
i n t e r m e d i a t e  b e tw een  i n i t i a t i o n  o f  t h e  c u l t u r e s  and hOh. 
c a u s e d  a d e c l i n i n g  i n h i b i t i o n  o f  p H  - t h y m i d i n e  i n c o r p o r a t i o n  
t h e  l a t e r  t h e  compound was added ( F i g u r e  1 9 ) .  FPL52806 d i d
n o t  d i s p l a c e  t h e  dose  r e s p o n s e  c u rv e  be tw ee n  c o n c e n t r a t i o n  
o f  PHA and i n c o r p o r a t i o n  o f  p h j - t h y m i d i n e  ( F i g u r e  1 8 ) ,  
i n d i c a t i n g  t h a t  t h e  i n h i b i t i o n  o f  p H ^ - t h y m i d i n e  i n c o r p o r a t i o n  
by  t h e  compound was n o t  c a u s e d  by i n t e r f e r e n c e  w i t h  t h e  
b i n d i n g  o f  PHA t o  t h e  lymph node c e l l s .  FPL52806 i n h i b i t e d  
p H ] - t h y m i d i n e  i n c o r p o r a t i o n  i n  a n t i g e n - s t i m u l a t e d  c e l l s  when 
p r e s e n t  t h r o u g h o u t  t h e  c u l t u r e  and p u l s e  p e r i o d s  t o  a  s i m i l a r  
e x t e n t  a s  i t  i n h i b i t e d  P H A - s t im u la te d  c e l l s .
C h l o r o q u in e  and c a n d i d a t e  compounds i n h i b i t e d  
D M  - l e u c i n e  i n c o r p o r a t i o n  when p r e s e n t  d u r i n g  t h e  e n t i r e  
AjOh. c u l t u r e  and 2*h. p u l s e  p e r i o d s .  The o r d e r  o f  compound 
p o t e n c y  was i d e n t i c a l  t o  t h a t  found  w i th  £ h] - t h y m id in e  
i n c o r p o r a t i o n ,  b u t  t h e  c o n c e n t r a t i o n  o f  compound i n h i b i t i n g  
p - ^ c ] - l e u c i n e  i n c o r p o r a t i o n  by 50^ were h i g h e r  t h a n  t h o s e  
found  t o  i n h i b i t  [ j h ] - t h y m i d i n e  i n c o r p o r a t i o n  ( T a b l e  l  i | ) .
The i n h i b i t i o n  o f  [ ^ c j - l e u c i n e  i n c o r p o r a t i o n  o f  FPL52806 
d e c l i n e d  t h e  l a t e r  t h e  compound was added t o  t h e  c u l t u r e s  
( F i g u r e  1 9 ) ,  The i n h i b i t i o n  o f  [ j ^ c ]  - l e u c i n e  i n c o r p o r a t i o n  
by FPL52806 added a t  t h e  t im e  o f  i n i t i a t i o n  o f  c u l t u r e s  was 
n o t  c a u s e d  by i n t e r f e r e n c e  w i t h  t h e  b i n d i n g  o f  PHA. t o  t h e  
lymph node c e l l s .
C h l o r o q u in e  and FPL52806 i n h i b i t e d  t h e  i n c o r p o r a t i o n  
o f  - u r i d i n e  a t  1 and 20h .  when p r e s e n t  t h r o u g h o u t  t h e  
e n t i r e  c u l t u r e  and p u l s e  p e r i o d s .  G r e a t e r  i n h i b i t i o n  a t  
2 0h .  t h a n  l h .  was s e e n  w i t h  b o t h  compounds.
FPL52806 i n h i b i t e d  j ^ n j - g l u c o s a m i n e  i n c o r p o r a t i o n  when 
p r e s e n t  t h r o u g h o u t  t h e  UOh. c u l t u r e  and 4 h .  p u l s e  p e r i o d .
CHAPTER FOUR
THE RELATIONSHIP BETWEEN THE PHARMACOLOGY OF 
SOME CHROMOHSS AMD THEIR PHYSICAL PROPERTIES
GENERAL INTRODUCTION
I n  t h i s  c h a p t e r  t h e  p h y s i c a l  p r o p e r t i e s  o f  some o f  t h e  
compounds ( 6 , 8 - d i - a l k y l  c h ro m o n e s ) ,  whose e f f e c t s  on t h e  
s y n t h e t i c  a c t i v i t i e s  o f  P H A - s t im u la te d  g u i n e a - p i g  lymph 
node c e l l  c u l t u r e s  were  d e s c r i b e d  i n  C h a p t e r  3* a r e  
i n v e s t i g a t e d ,  The l i p o p h i l i c i t y  o f  compounds i s  i m p o r t a n t  
i n  a s s e s s i n g  t h e  e a s e  w i t h  which t h e y  c r o s s  c e l l  membranes 
t o  t h e i r  s i t e  o f  a c t i o n ,  L i p o p h i l i c i t y  c an  be m easu red  
by  d e t e r m i n i n g  t h e  p a r t i t i o n  c o e f f i c i e n t  o f  t h e  compound.
The e x t e n t  t o  which d r u g s  b in d  t o  serum p r o t e i n  c an  
m odify  t h e  p o t e n c i e s  o f  t h e  d r u g s .  S in c e  10$ v / v  serum 
was p r e s e n t  i n  t h e  c u l t u r e  medium when t h e  p o t e n c i e s  o f  
t h e  6 , 8 - d i - a l k y l  chromones a s  i n h i b i t o r s  o f  s y n t h e t i c  
a c t i v i t y  was i n v e s t i g a t e d  i n  C h a p te r  3 t h e  e x t e n t  t o  which 
t h e  compounds were bound t o  serum p r o t e i n  was i n v e s t i g a t e d .  
The e x t e n t  t o  which compounds b in d  t o  p r o t e i n  may r e l a t e  
t o  t h e i r  l i p o p h i l i c i t i e s  i f  h y d r o p h o b ic  b o n d in g  i s  i m p o r t a n t .
T h e  p r e s e n c e  o f  s e r u m  i n  t h e  c u l t u r e s  m ay h a v e  a c t e d  
a s  a  t r a p  f o r  m uch o f  t h e  a d d e d  co m p o u n d  r e d u c i n g  t h e  
a m o u n t  o f  c o m p o u n d  w h i c h  a s s o c i a t e d  w i t h  t h e  l y m p h  n o d e  
c e l l s  a n d  h e n c e  i t s  a p p a r e n t  p o t e n c y .  T h i s  p o s s i b i l i t y  
w a s  e x p e r i m e n t a l l y  c o n f i r m e d  f o r  o n e  o f  t h e  6 , 8 - d i - a l k y l  
c h r o m o n e s .
PARTITION COEFFICIENTS OP COMPOUNDS
I n  C h a p t e r  3 t h e  e f f e c t s  on t h e  s y n t h e t i c  a c t i v i t i e s  
o f  P H A - s t im u la te d  g u i n e a - p i g  lymph node c e l l s  o f  v a r i o u s  
e s t a b l i s h e d  a n t i - i n f l a m m a t o r y  d r u g s  and c a n d i d a t e  compounds 
were d e s c r i b e d .  Among t h e  c a n d i d a t e  compounds was a n  
homologous s e r i e s  o f  6 , 8 - d i - a l k y l  s u b s t i t u t e d  ch rom o nes ,  
t h e  a l k y l  s u b s t i t u e n t s  o f  which r a n g e d  i n  s i z e  from t h e  
t - p e n t y l  g ro u p  t o  t h e  m e th y l  g r o u p .  The p a r e n t  
n o n - a l k y l a t e d  chromone was a l s o  t e s t e d .
I t  was fo u n d  t h a t  t h e  p o t e n c i e s  o f  t h e  members o f
6 , 8 - d i - a l k y l  s u b s t i t u t e d  chromone s e r i e s  d i f f e r e d  
c o n s i d e r a b l y  a s  i n h i b i t o r s  o f  p F l J - t h y m i d i n e  o r  i m  - l e u c i n e  
i n c o r p o r a t i o n .  The p o t e n c y ,  m easured  by t h e  d ru g
ihe r a t e  o f  
- l e u c i n e ,  r e l a t i v e
c o n c e n t r a t i o n  c a u s i n g  30% i n h i b i t i o n  o f  
i n c o r p o r a t i o n  o f  - t h y m i d i n e ,  o r  
t o  t h a t  p r e s e n t  i n  a  d r u g - f r e e  c o n t r o l ,  o f  t h e  d i - t - p e n t y l  
s u b s t i t u t e d  chromone was t h e  g r e a t e s t  and t h e  p o t e n c y  o f  
t h e  o t h e r  members o f  t h e  homologous s e r i e s  d e c r e a s e d  w i th  
t h e  d i m i n i s h i n g  s i z e  o f  t h e  s u b s t i t u e n t .  The d i f f e r e n c e s  
i n  p o t e n c y  b e tw e e n  a d j a c e n t  members o f  t h e  s e r i e s  w ere  
g r e a t e r  when t h e  a l k y l  s u b s t i t u e n t s  were s m a l l ,  f o r  example  
t h e  f o r  t h e  r a t e  o f  p h j - t h y m i d i n e  i n c o r p o r a t i o n  were
52/M and 69/M f o r  t h e  d i - t - p e n t y l  and d i - t - b u t y l  ch rom ones  
(FPL56220 and 3 2 8 0 6 ) ,  b u t  220/M and 700/M f o r  t h e  d i - e t h j ' l  
and d i - m e t h y l  chromones (FPL55689 and 5 5 5 8 3 ) .
T h i s  v a r i a t i o n  i n  p o t e n c y  a s  i n h i b i t o r s  o f  a  b i o l o g i c a l  
t e s t  sy s te m  f o r  members o f  an homologous s e r i e s  h a s  
f r e q u e n t l y  b e e n  r e p o r t e d  i n  t h e  l i t e r a t u r e .  The b i o l o g i c a l  
t e s t  sy s te m s  have  r a n g e d  i n  c o m p l e x i t y  f rom t h e  i n h i b i t i o n  
o f  t h e  i n - v i t r o  a c t i v i t y  o f  enzymes e . g .  c a r b o n i c  a n h y d r a s e  
(Kakeya  e t  a l , 1969)> t o  whole a n im a l  s y s t e m s ,  such  a s  t h e  
h y p n o t i c  e f f e c t  o f  b a r b i t u r a t e s  i n  t h e  r a t  ( S h o n l e  e t  a l , 1 9 3 0 ) .  
V a r io u s  a t t e m p t s  have  b e en  made t o  r e l a t e  t h e  p o t e n c i e s  o f
members o f  c h e m ic a l  s e r i e s  i n  a  g i v e n  b i o l o g i c a l  t e s t  sys tem  
t o  t h e  e l e c t r o n i c ,  s t e r i c  and l i p o p h i l i c  p r o p e r t i e s  o f  t h e  
compounds ( F u j i t a ,  1 9 7 2 ) .  T hese  a t t e m p t s  t o  d e t e r m i n e  
s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p s  were made t o  f u r t h e r  t h e  
u n d e r s t a n d i n g  o f  t h e  compound’ s mode o f  a c t i o n  a t  t h e  
m o l e c u l a r  l e v e l .  F o r  example t h e  optimum s i z e  o f  an  
enzyme i n h i b i t o r  ( s t e r i c  f a c t o r )  w i l l  g i v e  some i n d i c a t i o n  
o f  t h e  d im e n s io n s  o f  t h e  enzyme1s a c t i v e  s i t e ,  and t h e  
e l e c t r o n i c  f a c t o r  ( o' o r  Hammett f a c t o r )  s h o u l d  g i v e  
i n f o r m a t i o n  c o n c e r n i n g  t h e  e l e c t r o n i c  p r o c e s s e s  o c c u r r i n g  
a t  t h e  enzyme’ s a c t i v e  s i t e .  H ansch’ s TT f a c t o r ,  which  
m easu re s  t h e  l i p o p h i l i c i t y  o f  t h e  compound c an  g i v e  
u n d e r s t a n d i n g  o f  t h e  i m p o r t a n c e  o f  l i p o p h i l i c  b i n d i n g  a t  
t h e  enzyme’ s a c t i v e  s i t e  (and  h e n ce  p r e s u m a b ly  o f  t h e  
n a t u r a l  s u b s t r a t e  o f  t h e  enzyme o r  p r o c e s s )  o r  o f  t h e  e a s e  
w i t h  which t h e  d r u g  w i l l  c r o s s  c e l l  membranes t o  t r a v e l  
t o  i t s  s i t e  o f  a c t i o n .  By m ea su r in g  t h e s e  f a c t o r s  f o r  a 
s e r i e s  o f  c h e m i c a l s  and c o r r e l a t i n g  t h e  p o t e n c i e s  o f  t h e  
c h e m ic a l s  i n  a g i v e n  b i o l o g i c a l  t e s t  sys tem  i t  i s  p o s s i b l e  
t o  d e t e r m i n e  which  o f  t h e  f a c t o r s  ( e l e c t r o n i c ,  s t e r i c  o r  
l i p o p h i l i c )  i s  dom inant  i n  c o n t r o l l i n g  t h e  p o t e n c y  and t h e  
c o n t r i b u t i o n ,  i f  a n y ,  t h e  o t h e r  f a c t o r s  make. Once t h i s  
i s  d o n e ,  t h a t  i s  t h e  s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p  i s  
e x p r e s s e d  a s  a m a t h e m a t i c a l  e q u a t i o n ,  i t  i s  p o s s i b l e  t o  
p r e d i c t  t h e  a c t i v i t y  i n  t h e  b i o l o g i c a l  t e s t  s y s te m  o f  n o v e l  
o r  y e t  u n s y n t h e s i z e d  compound i f  t h e  r e l e v a n t  f a c t o r s  
( s t e r i c , © ' ,  o r  it ) can  be c a l c u l a t e d .  T h i s  p r e d i c t i v e  
v a l u e  i s  an a d d i t i o n a l  r e a s o n  f o r  t h e  s t u d y  o f  s t r u c t u r e -  
a c t i v i t y  r e l a t i o n s h i p s .
Once s u f f i c i e n t  compounds o f  a c h e m ic a l  s e r i e s  h a v e  
b e en  a s sa y e d  i n  a  b i o l o g i c a l  t e s t  sy s te m  t o  a l l o w  
d e t e r m i n a t i o n  o f  t h e  s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p s  
e q u a t i o n  i t  i s ,  i n  t h e o r y ,  p o s s i b l e  t o  p r e d i c t  t h e  s t r u c t u r e  
o f  t h e  compound w hich  would be  t h e  most p o t e n t  i n h i b i t o r .  
T h i s  i s  o b v i o u s l y  o f  g r e a t  v a l u e  i n  t h e  p h a r m a c e u t i c a l  
i n d u s t r y  i f  t h e  b i o l o g i c a l  t e s t  s y s te m  i s  a  t r u e  model  o f  
a  d i s e a s e .
I n  t h e  c a s e  o f  t h e  6 , 8 - d i - a l k y l  s u b s t i t u t e d  chromones 
s t u d i e d  i n  C h a p te r  3 o n ly  t h e  s i z e  o f  t h e  a l k y l  s i d e  c h a i n s  
was v a r i e d .  I t  i s  k n o w n ' t h a t  a l k y l  s i d e  c h a i n s  h av e  l i t t l e  
e f f e c t  on t h e  e l e c t r o n i c  c h a r a c t e r  o f  t h e  m o le c u le  on w h ich  
t h e y  a r e  p r e s e n t  (H a n sc h ,  1 9 7 2 ) .  I t  i s  t h e r e f o r e  u n l i k e l y  
t h a t  t h e  d i f f e r e n c e  i n  t h e  p o t e n c i e s  o f  t h e  members o f  t h i s  
homologous s e r i e s  on  t h e  r a t e  o f  |_ H I - t h y m id i n e  and
- l e u c i n e  i n c o r p o r a t i o n  by g u i n e a - p i g  lymph node c e l l s  
c a n  be i n t e r p r e t e d  i n  a manner i n v o l v i n g  Hammett’ s 
e l e c t r o n i c  f a c t o r , ^  . I t  i s  more p r o b a b l e  t h a t  t h e  
d i f f e r i n g  p o t e n c i e s  o f  6 , 8 - d i - a l k y l  s u b s t i t u t e d  s e r i e s  may 
be  due t o  c h a n g e s  i n  l i p o p h i l i c i t y  o f  t h e  m o l e c u l e s  o r  
p o s s i b l y  due t o  c h a n g e s  i n  t h e  volume o f  t h e  m o le c u l e s  
( s t e r i c  f a c t o r ) .
4*2*1 A p p a r e n t  P a r t i t i o n  C o e f f i c i e n t s  Of 6 , 8 - D i - A l k y l  
Chromones
The a p p a r e n t  p a r t i t i o n  c o e f f i c i e n t s  o f  6 , 8 - d i - a l k y l  
s u b s t i t u t e d  chromones b e tw e e n  o c t a n o l : e t h e r  ( 1 : 3  v / v )  and 
pH 7 . 4 5  b u f f e r  were d e t e r m i n e d  a s  d e s c r i b e d  p r e v i o u s l y .
The s t r u c t u r e s  o f  t h e  6 , 8 - d i - a l k y l  s u b s t i t u t e d  
chromones and t h e i r  p a r t i t i o n  c o e f f i c i e n t s  a r e  shown i n  
T a b le  18 .  The e x p e r i m e n t a l l y  d e te rm in e d  p a r t i t i o n  
c o e f f i c i e n t s  r a n g e d  from 4 . 6  f o r  t h e  h i g h l y  l i p o p h i l i c  
d i - t - p e n t y l  s u b s t i t u t e d  chromone (FPL56220) t o  l e s s  t h a n  
0 . 1  f o r  t h e  d i - m e t h y l  s u b s t i t u t e d  and u n - s u b s t i t u t e d  
chromones (PPL55585 and 3 2 8 3 9 ) .
«
The l o g a r i t h m s  o f  t h e  a p p a r e n t  p a r t i t i o n  c o e f f i c i e n t s  
p l o t t e d  a g a i n s t  t h e  number o f  c a r b o n  atoms i n  t h e  
s u b s t i t u e n t s  a r e  shown i n  F i g u r e  2 3 .  The r e l a t i o n s h i p  
b e tw ee n  t h e  l o g a r i t h m  o f  t h e  a p p a r e n t  p a r t i t i o n  c o e f f i c i e n t  
and t h e  number o f  c a r b o n  a toms i n  t h e  s u b s t i t u e n t  was n o t  
l i n e a r .  The a p p a r e n t  p a r t i t i o n  c o e f f i c i e n t  o f  t h e  
d i - m e t h y l  s u b s t i t u t e d  chromone (FPL55585) was e s t i m a t e d  
by  e x t r a p o l a t i o n  t o  be a b o u t  0 . 0 5 .
TABLE 1 8 . A p p a r e n t  P a r t i t i o n  C o e f f i c i e n t  Between 
0 c t a n o l : 5 t h e r  ( 1 : 3 )  and pH 7 . 4 5  B u f f e r  
o f  6 ,8 - D i - A . lk y l  S u b s t i t u t e d  Chromones
C om pound S u b s t i t u e n t s  P a r t i t i o n  C o e f f i c i e n t
• ^ ' ■
PPL 52839 hydrogen. 0 . 1
PPL 55585 m e t h y l -  0 . 1
PPL 55689 e t h y l -  0 . 0 9
PPL 55731 n - p r o p y l -  0 . 2 3
PPL 52806 t - b u t y l -  0 . 7 0
PPL 56220 t - p e n t y l -  l t . 6 l
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Figure 23. Relationship between the Apparent Partition 
Coefficient of 6,8-Di-Alkyl Chromones and 
the Number of Carbon Atoms in the Alkyl 
Side Chain.
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The t r u e  p a r t i t i o n  c o e f f i c i e n t c a n  be c a l c u l a t e d  from 
t h e  a p p a r e n t  p a r t i t i o n  c o e f f i c i e n t s  by c o r r e c t i o n  f o r  t h e  
p r o p o r t i o n  o f  t h e  compound which  i s  d i s s o c i a t e d  ( F u j i t a  
e t  a l » 1 9 6 k ) • The pKa o f  t h e  chromones a r e  a b o u t  2 .
At pH 7 . 4 5  a t  l e a s t  99.999/0 o f  t h e  chromones w i l l  be  
d i s s o c i a t e d  and t h e  c o r r e c t i o n  f a c t o r  t o  c o n v e r t  a p p a r e n t  
p a r t i t i o n  c o e f f i c i e n t  t o  t r u e  p a r t i t i o n  c o e f f i c i e n t s  w i l l  
be  v e r y  l a r g e  (>10 ) .
4 #2*2 R e l a t i o n s h i p  F o r  6 , 8 - D i - A l k y l  Chromones
Between A p p a r e n t  P a r t i t i o n  C o e f f i c i e n t  And 
P o t e n c y  As I n h i b i t o r s  Of DM And P r o t e i n  
S y n t h e s i s
T a b le  19 shows t h e  p a r t i t i o n  c o e f f i c i e n t s  and p o t e n c i e
o f  t h e  6 , 8 - d i - a l k y l  s u b s t i t u t e d  chromones a s  i n h i b i t o r s  o f
pH *]- thym id ine  and - l e u c i n e  i n c o r p o r a t i o n  p r e s e n t e d  a s
t h e  d r u g  c o n c e n t r a t i o n  c a u s i n g  30% i n h i b i t i o n  o f  t h e  r a t e
o f  i n c o r p o r a t i o n  ( f ro m  T ab le  1 4 ) .  The IDc-™*, f o r  b o t h  f 3 l  r ii i  ”| 50/os
I ^ H J - t h y  mi d i n e  and C l - l e u c i n e  i n c o r p o r a t i o n  were  n o t
r e l a t e d  i n  a l i n e a r  f a s h i o n  t o  t h e  p a r t i t i o n  c o e f f i c i e n t .
I n  F i g u r e  24 t h e  d a t a  o f  T a b le  19 i s  p r e s e n t e d  i n  t h e  more
u s u a l  form u sed  f o r  s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p s , t h a t
i s  t h e  l o g a r i t h m s  o f  t h e  r e c i p r o c a l  o f  t h e  p l o t t e d
a g a i n s t  t h e  l o g a r i t h m  o f  t h e  p a r t i t i o n  c o e f f i c i e n t  ( H a n s c h ,
1972 ;  F u j i t a ,  1 9 7 2 ) .
The i n c r e a s i n g  p o t e n c y  o f  t h e  6 , 8 - d i - a l k y l  chrom ones 
w i t h  i n c r e a s i n g  l i p o p h i l i c i t y  s h o u ld  be n o t e d ,  and a l s o  
t h a t  t h e  c u r v e s  f l a t t e n .  T h i s  i n d i c a t e s  t h a t  optimum 
l i p o p h i l i c i t y  f o r  6 , 8 - d i - a l k y l  s u b s t i t u t e d  chromones w hich  
i n h i b i t  p H * ] - th y m id in e  and - l e u c i n e  i n c o r p o r a t i o n  i s
a p p ro a c h e d  by t h e  d i - t - p e n t y l  s u b s t i t u t e d  ch rom one .  The 
e x t e n t  t o  w h ic h  compounds b i n d  t o  serum p r o t e i n  i s  r e l a t e d  
t o  l i p o p h i l i c i t y  and i t  i s  p o s s i b l e  t h a t  t h e  p r o p o r t i o n  
o f  added  compound bound t o  t h e  serum i n  t h e  c u l t u r e  medium 
i n c r e a s e d  w i t h  i n c r e a s i n g  l i p o p h i l i c i t y .  T h i s  may be
TABLE 19 .  A p p a r e n t  C o e f f i c i e n t s  and I P cq^  P ° r  Tj h] - T h y m id in e  
and T % 1  - L e u c i n e  I n c o r p o r a t i o n  f o r  6 , 8 - D i - A l k y l  
S u b s t i t u t e d  Chromones
Compound S u b s t i t u e n t s  P a r t i t i o n
C o e f f i c i e n t ID 50^,(/M)
pH*j-Thymidine P ’^ cTJ-Leucine
FPL 55585 m e t h y l - 0 . 0 5 700 1600
FPL 55689 e t h y l - 0 . 0 9 220 450
FPL 55731 n -p ropy l -
FPL 52806 t - b u t y l -
FPL 56220 t - p e n t y l -
0 . 2  3 
0 . 7 0  
4.61
77
69
52
140
92
78
* means e x t r a p o l a t e d  v a l u e .
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Figure 24. Relationship between the Reciprocal of the
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r e s p o n s i b l e  f o r  t h e  f l a t t e n i n g  o f  t h e  c u r v e s  i n  F i g u r e  2\ \ , 
T h i s  p o s s i b i l i t y  i s  i n v e s t i g a t e d  i n  t h e  n e x t  s e c t i o n  o f  
t h i s  C h a p t e r .
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k * 3  PROTEIN BINDING OF COMPOUNDS
Many d r u g s  a r e  known t o  b i n d  r e v e r s i b l y  t o  serum 
p r o t e i n .  The e x t e n t  o f  t h i s  b i n d i n g  v a r i e s  c o n s i d e r a b l y  
from d rug  t o  d r u g ;  exam ples  o f  d r u g s  which  a r e  h i g h l y  
p r o t e i n  bound a r e  d i c u m a r o l  (OfR e i l l y  e t  a l , 1962 ) and 
p h e n y lb u t a z o n e  (B u rn s  e t  a l , 1 9 5 3 ) ,  which a r e  a t  l e a s t  
9 d/i bound a t  t h e r a p e u t i c  l e v e l s .  C a r b e n o x o l o n e ,  an  
a n t i - g a s t r i c  u l c e r  a g e n t  i s  p r o t e i n - b o u n d  t o  g r e a t e r  t h a n  
99.9/o a t  100 t i m e s  t h e  t h e r a p e u t i c  l e v e l s  ( p a r k e  & L in d u p ,  1973 
O t h e r  d r u g s ,  such  as  t h e  s a l i c y l a t e s ,  a r e  n o r m a l ly  bound 
t o  a s m a l l e r  e x t e n t  and some su c h  as  a n t i p y r i n e ,  an 
a n a l g e s i c ,  a r e  o n ly  s l i g h t l y  p r o t e i n - b o u n d  i f  a t  a l l  (S m i th  
and R a w l i n s ,  1 9 7 3 ) .
The p r o t e i n  b i n d i n g  o f  d r u g s  i s  i m p o r t a n t  i f  t h e  
m a j o r i t y  o f  t h e  d ru g  i s  p r o t e i n - b o u n d ,  and a l s o  
p h a r m a c o l o g i c a l l y  i n a c t i v e .  The p r o t e i n - b o u n d  d rug  w i l l  
a c t  a s  a  r e s e r v o i r  f o r  t h e  non p r o t e i n - b o u n d  and 
p h a r m a c o l o g i c a l l y  a c t i v e  f r e e  d r u g ,  d e c r e a s i n g  i n  g e n e r a l  
t h e  r a t e  o f  e l i m i n a t i o n  o f  d r u g s  by b o t h  m e ta b o l i s m  and 
e x c r e t i o n .
The m a j o r i t y  o f  p r o t e i n - b o u n d  d r u g s  b in d  m a in ly  t o  
serum a lb u m in ,  b u t  some d r u g s  b in d  t o  o t h e r  p r o t e i n ,  f o r  
example  p r e d n i s o l o n e  b i n d s  t o  t r a n s c o r t i n ,  a n  o c - g l o b u l i n  
( D e sg n e z ,  1 9 6 6 ) .  N orm al ly  many o f  t h e  s i t e s  t o  which  
d r u g s  a r e  bound a r e  o c c u p ie d  by no rm al  body c o n s t i t u e n t s ,  
f o r  example  f a t t y  a c i d s  a r e  e x t e n s i v e l y  bound t o  serum 
a lb u m in  ( B o l e ,  1 9 5 6 ) ,  a s  i s  b i l i r u b i n  (O s t ro w  and Schm id ,
196 ,3.),.- ^:^Tiiya?X)xijae,Kds,lsn o r m a l l y  o n ly  s l i g h t l y  bound t o  
a lb u m i n ,  b i n d i n g  t o  p r e - a l b u m i n  and a  s p e c i f i c  t h y r o x i n e -  
b i n d i n g  p r o t e i n  b e in g  more i m p o r t a n t  ( S a l v a t o r e  e t  a l , 1 9 6 6 ) .  
C o r t i s o l  i s  n o r m a l ly  957  ^ bound t o  t r a n s c o r t i n  (S a n d b e r g  
e t  a l t 196 6 ) .  I t  i s  p o s s i b l e  f o r  d r u g s  t o  d i s p l a c e  t h e s e  
no rm al  body c o n s t i t u e n t s  from t h e i r  b i n d i n g  s i t e s ,  i f  t h e
d r u g  h a s  a  g r e a t e r  a f f i n i t y  f o r  t h e  b i n d i n g  s i t e  t h a n  
t h e  b o d y  c o n s t i t u e n t s .  S u c h  e f f e c t s  may h a v e  c l i n i c a l  
s i g n i f i c a n c e , f o r  e x a m p l e ,  d r u g s  s u c h  a s  s u l p h i s o x a z a l e  
m §y d i s p l a c e  b i l i r u b i n  f r o m  a l b u m i n  i n  t h e  n e w  b o r n  
p r e m a t u r e  i n f a n t  w i t h  d i s a s t r o u s  r e s u l t s  ( S i l v e r m a n  e t  a l , 
1 9 5 6 ) .
C o m p e t i t i o n  f o r  b i n d i n g  s i t e s  a l s o  o c c u r s  b e t w e e n  
d r u g s .  A  h i g h l y  p r o t e i n - b o u n d  d r u g  w i l l  d i s p l a c e  a  
w e a k l y  b o u n d  o n e  a n d  i n c r e a s e  t h e  f r e e  d r u g  l e v e l  o f  t h e  
w e a k l y  b o u n d  d r u g  p o t e n t i a t i n g  i t s  a c t i o n .  T h i s  e f f e c t  
h a s  b e e n  d e s c r i b e d  f o r  t h e  h i g h l y  p r o t e i n - b o u n d  a n t i c o a g u l a n t  
w a r f a r i n  a n d  t h e  e v e n  m o re  h i g h l y  p r o t e i n - b o u n d  c h l o r o p h e n o x y  
I s o b u t y r i c  a c i d  ( C l o f i b r a t e ) . I t  w a s  f o u n d  t h a t  
a d m i n i s t r a t i o n  o f  t h e  t w o  d r u g s  t o g e t h e r  p o t e n t i a t e d  t h e  
a n t i c o a g u l a n t  a c t i v i t y  o f  t h e  w a r f a r i n  ( S c h r o g i e  a n d  
S o l o m o n ,  1 9 6 7 ) .  T h e  i m p o r t a n c e  o f  p r o t e i n  b i n d i n g  t o  t h e  
p h a r m a c o l o g y  o f  d r u g s  h a s  b e e n  r e v i e w e d  b y  M e y e r  a n d  
S u t t m a n  ( 1 9 6 8 ) , .
S e v e r a l  t y p e s  o f  b o n d i n g  h a v e  b e e n  s u g g e s t e d  t o  b e  
r e s p o n s i b l e  f o r  t h e  b i n d i n g  o f  d r u g s  t o  p r o t e i n s .  I o n i c  
b o n d s  may o c c u r  b e t w e e n  i o n i z e d  g r o u p s  o f  t h e  d r u g ,  f o r  
e x a m p l e  -  000*%  a n d  o p p o s i t e l y  c h a r g e d  g r o u p s  o n  t h e  
p r o t e i n ,  f o r  e x a m p l e  — NH^ . H y d r o g e n  b o n d i n g  may a l s o  
b e  I n v o l v e d .  W eak e l e c t r o s t a t i c  f o r c e s  s u c h  a s  t h e  K e e s o m ,  
D e b y e  an d  L o n d o n  f o r c e s  o p p o s e d  b y  t h e  B o r n  f o r c e  may b e  
l u p o r t a n t  { S e t t l e ,  1 9 7 1 ) .  A n  a d d i t i o n a l  b o n d i n g  s y s t e m  
I s  t h e  s o - c a l l e d  h y d r o p h o b i c  b o n d .
H y d r o p h o b i c  b o n d s  r e s u l t  f r o m  t h e  r e p u l s i o n  b e t w e e n  
l i p o p h i l i c  r e g i o n s  o n  a  c o m p o u n d ,  o r  p r o t e i n ,  a n d  w a t e r  
a n d  t h e  r e s u l t i n g  m u t u a l  a t t r a c t i o n  b e t w e e n  t h e  l i p o p h i l i c  
g r o u p s  o f  t h e  d r u g  and p r o t e i n .  T h i s  a t t r a c t i o n  i s  
a n a l o g o u s  t o  t h e  p a r t i t i o n i n g  o f  a  l i p o p h i l i c  d r u g  b e t w e e n  
a n  a q u e o u s  p o l a r  s o l v e n t  a n d  a  l i p o p h i l i c  l e s s  p o l a r  o n e .
I f  t h e  b i n d i n g  o f  t h e  6 , 8 - d i - s u b s t i t u t e d  c h r o m o n e s
i n v o l v e s  h y d r o p h o b ic  b o n d in g  t h e  more l i p o p h i l i c  member 
o f  t h e  s e r i e s  w i l l  be  bound t o  a g r e a t e r  e x t e n t  t h a n  t h a t  
o f  t h e  l e s s  l i p o p h i l i c  members o f  t h e  s e r i e s  and t h e  
d e g r e e  o f  p r o t e i n  b i n d i n g  w i l l  p a r a l l e l  t h e i r  l i p o p h i l i c i t y  
m easu red  by  p a r t i t i o n  c o e f f i c i e n t .
Measurement o f  t h e  e x t e n t  t o  which  6 , 8 - d i - a l k y l  
chromones a r e  bound t o  serum p r o t e i n ,  u n d e r  t h e  e x p e r i m e n t a l  
c o n d i t i o n s  u sed  t o  s t u d y  t h e  e f f e c t  o f  t h e  compounds on  t h e  
s y n t h e t i c  p r o c e s s e s  i n  g u i n e a - p i g  lymph node c e l l s  
( C h a p t e r  2 ) ,  w i l l  a l l o w  c o r r e c t i o n s  o f  t h e  add ed  d ru g  
c o n c e n t r a t i o n  f o r  t h e  p r o p o r t i o n  o f  d ru g  bound t o  t h e  serum 
i n  t h e  c u l t u r e s ,  e n a b l i n g  t h e  a c t u a l  f r e e  and ( p h a r m a c o l o g i ­
c a l l y  a c t i v e ? )  d ru g  c o n c e n t r a t i o n  t o  be c a l c u l a t e d .
4*3*1 P r o t e i n  B in d in g  Of 6 , 8 - D i - A l k y l  Chromones 
By E q u i l i b r i u m  D i a l y s i s
The chromones were t h o s e  s t u d i e d  i n  t h e  p r e v i o u s  
s e c t i o n  o f  t h i s  C h a p t e r ,  and whose e f f e c t s  on - t h y m i d i n e  
and [ lh o \  - l e u c i n e  i n c o r p o r a t i o n  by lymph node c e l l s  had  b e e n  
d e t e r m i n e d .  The b i n d i n g  o f  t h e  compounds t o  serum was 
d e te r m in e d  u n d e r  c o n d i t i o n s  s i m i l a r  w i t h  r e s p e c t  t o  pH and 
p r o p o r t i o n  o f  serum t o  t h o s e  o f  t h e  lymph node c e l l  c u l t u r e s  
when t h e  e f f e c t  o f  t h e  compounds on s y n t h e t i c  p r o c e s s e s  
was i n v e s t i g a t e d .
The p e r c e n t a g e  o f  t h e  v a r i o u s  chromones b i n d i n g  t o  
serum a t  v a r i o u s  c o n c e n t r a t i o n s  o f  t h e s e  compounds i s  
shown i n  T a b le  2 0 .
The more l i p o p h i l i c  c h rom o nes ,  ( t h a t  i s  w i th  l a r g e r  
a l k y l  s u b s t i t u e n t s ) ,  were  bound t o  serum p r o t e i n s  t o  a  
g r e a t e r  e x t e n t  a t  a  g i v e n  c o n c e n t r a t i o n  t h a n  t h e  l e s s  
l i p o p h i l i c .  F o r  e x am p le ,  52/M 6 , 8 - d i - t - p e n t y l  ch rom one ,  
FPL56220, was 93% s e ru m -b o un d ,  w h e reas  52/M 6 , 8 - d i - m e t h y l  
chrom one,  FPL55585> was 6G?o bound .  The serum  b i n d i n g  
depended on t h e  c o n c e n t r a t i o n  o f  t h e  d r u g  f o r  most  o f  t h e
TABLE 20 .  P e r c e n t a g e  o f  6 , 8 - D i - A l k y l  S u b s t i t u t e d  Chromones 
Bound t o  10# ( v / v )  C a l f  Serum a t  V a r i o u s  
Chromone C o n c e n t r a t i o n s
p e r c e n t a g e  Chromone Serum Bound
Compound S u b s t i t u e n t s  Chromone C o n c e n t r a t i o n
(/“" )
16 52 156 522
PPL 52839 h y d ro g e n 23 35 12 37
PPL 55585 m e t h y l - 58 60 49 47
PPL 55689 e t h y l - 73 65 50 50
PPL 5 5 73 1 n - p r o p y l - 82 77 58 50
PPL 52806 t - b u t y l - 95 81 64 52
PPL 56220 t - p e n t y l - 99 93 68 71
compounds;  t h e  low er  t h e  added c o n c e n t r a t i o n  o f  FPL , 
compound, t h e  g r e a t e r  p e r c e n t a g e  o f  t h e  compound t h a t  was 
se ru m -bo u nd .  T h i s  e f f e c t  was s l i g h t  f o r  t h e  6 , 8 - d i - m e t h y l  
chromone,  and a b s e n t  i n  t h e  c a s e  o f  t h e  u n - s u b s t i t u t e d  
chromone.  The d i - t - b u t y l  s u b s t i t u t e d  chromone v/as , f o r  
ex am ple ,  95> 8 1 ,  64 and 52# serum bound a t  c o n c e n t r a t i o n s  
o f  1 6 ,  52 ,  156 and 522/ m r e s p e c t i v e l y .
The d a t a  i n  T a b le  17 was u se d  t o  c a l c u l a t e  t h e  f r e e  
n o n - p r o t e i n - b o u n d  d rug  c o n c e n t r a t i o n  i n  t h e  lymph node 
c e l l  c u l t u r e s  s u b s e q u e n t l y . The im p o r t a n c e  o f  
l i p o p h i l i c i t y  i n  d e t e r m i n i n g  t h e  p r o p o r t i o n  o f  t h e
6 . 8 - d i - a l k y l  chromone w hich  was p r o t e i n - b o u n d  i s  
i l l u s t r a t e d  i n  F i g u r e  2 5 ,  where  t h e  p e r c e n t a g e  o f  added  
chromone (52/M) bound t o  serum p r o t e i n  i s  p l o t t e d  a g a i n s t  
t h e  a p p a r e n t  p a r t i t i o n  c o e f f i c i e n t  o f  t h e  chrom one.  The 
v a l u e s  f o r  t h e  u n - s u b s t i t u t e d  chromone,  FPL52839, a r e  n o t  
p l o t t e d  s i n c e  t h e  v a l u e  f o r  t h e  compound*s a p p a r e n t  
p a r t i t i o n  c o e f f i c i e n t  had  n o t  been  d e t e r m i n e d .  F i g u r e  25 
shows t h a t  l i p o p h i l i c i t y , a s  measured by a p p a r e n t  p a r t i t i o n  
c o e f f i c i e n t ,  does c o n t r i b u t e  t o  t h e  e x t e n t  t o  w hich  t h e
6 . 8 - d i - a l k y l  chromones b in d  t o  serum p r o t e i n s ,  b u t  t h a t  
t h e  s i z e  o f  t h e  a l k y l  s i d e  c h a i n s  does n o t  e n t i r e l y  
d e t e r m i n e  t h e  e x t e n t  t o  w h ic h  t h e  compounds b in d  t o  
serum p r o t e i n s .
4*3*2 P r o t e i n  B in d in g  Of 6 , 8 - D i - A l k y l  Chromones 
By F l u o r e s c e n c e  Quenching
I n  t h i s  s e c t i o n  t h e  b i n d i n g  o f  6 , 8 - d i - a l k y l  chrom ones  
t o  i s o l a t e d  b o v in e  serum a lb u m in  i s  d e s c r i b e d  i n  c o n t r a s t  
t o  t h e  p r e v i o u s  s e c t i o n  where  t h e  b i n d i n g  t o  10# v / v  c a l f  
s e r u m , * 1 was r e p o r t e d .  The f l u o r e s c e n c e  
q u e n ch in g  method m easu res  a s s o c i a t i o n  m a in ly  w i t h  t h e  
p r i m a r y  b i n d i n g  s i t e s  t o  which  compounds b in d  w i t h  h i g h  
a f f i n i t y .
The q u e n ch in g  o f  t h e  n a t i v e  f l u o r e s c e n c e  o f  p r o t e i n s
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by compounds a s  t h e y  b in d  i s  one o f  many s p e c t r o s c o p i c  
t e c h n i q u e s  w hich  h av e  been  u sed  t o  i n v e s t i g a t e  t h e  
b i n d in g  o f  compounds t o  p r o t e i n s  ( C h i g n e l l ,  1971 a nd 1972+). 
F o r  a  compound t h a t  b in d s  t o  a p r o t e i n  t o  quench  t h e  n a t i v e  
f l u o r e s c e n c e  o f  t h e  p r o t e i n  i t  i s  n e c e s s a r y  f o r  t h e  
a b s o r p t i o n  sp e c t ru m  o f  t h e  compound t o  o v e r l a p  t h e  
f l u o r e s c e n c e  e m is s io n  s p e c t ru m  o f  th e  p r o t e i n  ( C h i g n e l l ,
1971 and 1974)* The 6 , 8 - d i - a l k y l  chrom ones f u l f i l  t h e  
c r i t e r i a  w i th  r e s p e c t  t o  b o v in e  serum  a lb u m in .
T a b le  21 shows t h e  a p p a r e n t  number o f  p r i m a r y  b i n d i n g  
s i t e s  and t h e  a p p a r e n t  " a s s o c i a t i o n  c o n s t a n t s  o f  b i n d i n g  
f o r  t h e  6 , 8 - d i - a l k y l  chromones d e r i v e d  from t h e  q u e n c h in g  
o f  t h e  n a t i v e  f l u o r e s c e n c e  of. b o v in e  serum a lb u m in  by  t h e  
compounds. The v a l u e s  f o r  t h e  number o f  p r i m a r y  b i n d i n g  
s i t e s  d e te r m in e d  by t h i s  method a r e  known t o  be i m p r e c i s e ,  
s i n c e  l a r g e  v a r i a t i o n s  i n  t h e i r  number h a v e  l i t t l e  e f f e c t  
on t h e  form o f  t h e  f l u o r e s c e n c e  quench  c u r v e s .  The 
a s s o c i a t i o n  c o n s t a n t s  t e n d  t o  i n c r e a s e  w i t h  t h e  i n c r e a s i n g  
s i z e  o f  t h e  a l k y l  s u b s t i t u e n t s  o f  t h e  6 , 8 - d i - a l k y l  c h ro m on es ,  
and h e n c e  t h e  l i p o p h i l i c i t y  o f  t h e  compounds. T h i s  t r e n d  
i s  n o t  r e g u l a r ,  h o w e v e r ,  The i r r e g u l a r i t i e s  a r e  e s p e c i a l l y  
marked i n  t h e  c a s e  o f  t h e  d i - m e t h y l  chrom one,  FPL5 5585 ,  
w hich  h a s  a n  a s s o c i a t i o n  c o n s t a n t  which  i s  c l o s e  t o  t h a t  
o f  t h e  6 , 8 - d i - t - b u t y l  chrom one,  r a t h e r  t h a n  b e i n g  
i n t e r m e d i a t e  b e tw e e n  t h a t  o f  t h e  u n - s u b s t i t u t e d  and
6 , 8 - d i - e t h y l  chromones (FPL52839 and 55689 r e s p e c t i v e l y ) .
I t  i s  p o s s i b l e  t h a t  t h i s  anom aly i s  c au se d  by  6 , 8 - d i - m e t h y l  
chromone h a v in g  a  m o le c u la r  s i z e  w hich  i s  e s p e c i a l l y  
f a v o u r a b l e  f o r  b i n d in g  t o  b o v in e  serum  a lb u m in .
S tu d y  o f  t h e  b i n d in g  o f  6 , 8 - d i - a l k y l  chrom ones by  
b o th  e q u i l i b r i u m  d i a l y s i s  and f l u o r e s c e n c e  q u e n c h in g  show 
t h a t  v there  i s  a  t r e n d  f o r  t h e  more l i p o p h i l i c  compound t o  
b e  more h i g h l y  bound t o  c a l f  se rum , o r  h av e  a  l a r g e r  
a p p a r e n t  a s s o c i a t i o n  c o n s t a n t  o f  b i n d in g  t o  b o v in e  serum  
a lb u m in .  T h is  t r e n d  i s  more a p p a r e n t  i n  t h e  e q u i l i b r i u m  
d i a l y s i s  s t u d i e s  w i t h  c a l f  serum  th a n  i n  t h e  f l u o r e s c e n c e
TABLE 21 .  A p p a r e n t  Number o f  P r im a r y  31nd ing  S i t e s  and 
A p p a r e n t  A s s o c i a t i o n  C o n s t a n t s  o f  Binding; f o r  
t h e  B in d in g  o f  6 , 8 - D i - A l k y l  Chromones t o  Bovine 
Serum Albumin by  F l u o r e s c e n c e  Quench ing
Compound S u b s t i t u e n t s  A p p a re n t  Number A p p a r e n t  . A s s o c i a t i o n
o f  P r i m a r y  C o n s t a n t  o f  B in d in g
B in d in g  S i t e s  (M*"1 )
FPL 52839 h y d ro g e n 0 . 2 8 0 . 2 8 X 105
FPL 55585 m e t h y l - 1 .0 2 3 . 5 1 X 105
FPL 55689 e t h y l - 0 .0 1 0 . 8 7 X 105
FPL 55731 n - p r o p y l - 0 . 5 8 0 . 9 5 X 105
FPL 52806 t - b u t y l - 1 .7 5 U.91 X 105
FPL 56220 t - p e n t y l - 1 .5 2 b ,7 k X 105
q u e n ch in g  s t u d i e s  -with i s o l a t e d  b o v in e  serum  a lb u m in .  
Serum c o n t a i n s  many s u b s t a n c e s  o t h e r  t h a n  a lb u m in  and i t  
i s  p o s s i b l e  t h a t  e f f e c t s  o f  t h e s e  o t h e r  s u b s t a n c e s ,  some 
o f  "which w i l l  t h e m s e lv e s  be bound to  serum  a lb u m in ,  f o r  
exam ple f a t t y  a c i d s ,  may e x p l a i n  t h e  i n c o n s i s t e n c i e s  
found  I n  t h e  b i n d in g  o f  6 , 8 - d i - a l k y l  chrom ones t o  c a l f  
serum  and i s o l a t e d  b o v in e  serum  a lb u m in .  An a l t e r n a t i v e  
e x p l a n a t i o n  I s  t h e  a b s e n c e  o f  a  h ig h  s a l t  c o n c e n t r a t i o n  
from  t h e  b o v in e  serum  a lb u m in  s o l u t i o n s  u se d  i n  t h e  
f l u o r e s c e n c e  q u e n ch in g  e x p e r im e n t s ,  s i n c e  c h l o r i d e  i o n s  
a r e  known t o  b in d  t o  a lb u m in  and may com pete  w i t h  t h e
6 , 8 - d i - a l k y l  chrom ones f o r  b in d in g .  Sodium c h l o r i d e  Y/as 
p r e s e n t  I n  t h e  e q u i l i b r i u m  d i a l y s i s  e x p e r im e n ts  a t  a 
p h y s i o l o g i c a l  c o n c e n t r a t i o n .
ASSOCIATION OF COMPOUND TO GUINEA-PIG 
LYMPH NOBE CELLS
E a r l i e r  i n  t h i s  C h a p te r  t h e  im p o r t a n c e  o f  t h e  b i n d i n g  
o f  d r u g s  t o  serum p r o t e i n s  was d e s c r i b e d  and t h e  e x p e r i m e n t a l  
d e t e r m i n a t i o n  o f  t h e  e x t e n t  t o  which 6 , 8 - d i - a l k y l  chromones 
were  p r o t e i n - b o u n d  was r e p o r t e d .
I t  i s  p o s s i b l e  t h a t ,  t h o u g h  t h e  f r e e  n o n - p r o t e i n - b o u n d  
d ru g  c o n c e n t r a t i o n  c o n t r o l l e d  t h e  r a t e  o f  d ru g  e n t r y  i n t o  
lymph node c e l l s  t h e  e v e n t u a l  e q u i l i b r i u m  c o n c e n t r a t i o n  
o f  d rug  i n  t h e  c e l l s  was s i m i l a r  t o  t h e  t o t a l  d ru g  
c o n c e n t r a t i o n  i n  t h e  c u l t u r e  medium. T h i s  p o s s i b i l i t y  
r e q u i r e s  d ru g  b i n d i n g  s u b s t a n c e s  t o  be p r e s e n t  i n  t h e  lymph 
node c e l l s .  The amount o f  p H]  - 6 , 8 - d i - t - b u t y l  chromone 
a s s o c i a t e d  w i t h  t h e  c e l l s  was d e te r m in e d  t h e r e f o r e  t o  
i n v e s t i g a t e  t h i s  p o s s i b i l i t y .  I t  was assumed t h a t  i f  t h e  
amount o f  p H ~ ] - 6 , 8 - d i - t - b u t y l  chromone a s s o c i a t e d  w i t h  t h e  
c e l l s  g r a d u a l l y  i n c r e a s e d  d u r i n g  t h e  e x p o s u r e  o f  t h e  c e l l s  
t o  d r u g ,  e q u i l i b r i u m  had b e e n  r e a c h e d  by l|.Oh.
The u p t a k e  o f  [thJ - 6 , 8 - d i - t - b u t y l  chromone by  PHA- 
s t i m u l a t e d  and n o n - s t i m u l a t e d  lymph node c e l l s  a f t e r  l^Oh. 
c u l t u r e  i n  t h e  p r e s e n c e  o f  r a d i o a c t i v e l y  l a b e l l e d  m a t e r i a l
chromone (25  and 75/M) and t h r e e  d i f f e r e n t  c o n c e n t r a t i o n s  
o f  c a l f  :>serum^(<D. 2 ,  1 .0  and 10% v / v )  were  u s e d .
chromone p r e s e n t  i n  t h e  c u l t u r e s  a s s o c i a t e d  w i t h  t h e  c e l l s .
A s s o c i a t i o n  Of - 6 , 8 - D i - t - B u t y l  Chromone
To G u in e a - P ig  Lymph Mode C e l l s
was d e t e r m i n e d .  Tv/o c o n c e n t r a t i o n s  o f [3h1 - 6  , 8 - d i - t - b u t y l
T ab le  22 shows t h e  amount  o f  t h e  t o t a l H - 6 , 8 - d i - t - b u t y l
TABLE 2 2 .
Serum con cn .
' S S ( v A )
0.2
1.0
10.0
P e r c e n t a g e  o f  2 5 M  ar.d 75/M p H J - 6 , 8 - T > i - t - B u t y l  
Chromone (PPL 52806) A s s o c i a t e d  w i t h  PHA- 
S t i m u l a t e d  and. N o n - S t i m u la t e d  G u in e a - P ig  Lymph 
Node C e l l s  a t  4 0h .
P e r c e n t a g e  o f  PPL52806 a s s o c i a t e d  w i th  c e l l !  
( 2 5 A 0  ( 7 5 m )
PHA PHA PHA No PHA
( I f g / m l )  ( I f g / m l )
6*0 +  0,2  6.1  +  0.4  5.2  +  0.2  4.6  + 0.1
3 . 3  + 0 . 1  3 . 2  + 0 . 1  3 . 4  ± 0 . 3  3 . 8  ■+ 0 . 3
1,0 4-0 .1  0 .9 4-0.1 1.0 4-0 .1  1,1 0.1
P i g u r e s  a r e  t h e  means o f  4  r e p l i c a t e s  + SD
A t  a  g i v e n  s e r u m  c o n c e n t r a t i o n  t h e  c e l l s  w e r e  f o u n d
^h |-6 , 8 - d i - t - b u t y lt o  b in d  a s i m i l a r  p e r c e n t a g e  o f  t h e  t o t a l  
Chromone w h e th e r  t h e y  had b e en  exposed  t o  PHA o r  n o t ,  A 
s i m i l a r  p r o p o r t i o n  o f  t h e  t o t a l  [ ^ hJ-6 , 8 - d i - t - b u t y l  chromone 
was a s s o c i a t e d  w i t h  t h e  c e l l s  a t  b o t h  6 , 8 - d i - t - b u t y l  
chromone c o n c e n t r a t i o n s . The a s s o c i a t i o n  depended  on t h e  
serum c o n c e n t r a t i o n .  The lo w e r  t h e  serum c o n c e n t r a t i o n  
t h e  g r e a t e r  t h e  p e r c e n t a g e  o f  t h e  t o t a l  - 6 , 8 - d i - t - b u t y 1
chromone a s s o c i a t e d  w i t h  t h e  c e l l s .  For  exam ple  w i th  
0 . 2 ^ ( v / v )  se ru m ,  6% o f  t o t a l  - 6 , 8 - d i - t - b u t y l  chromone 
was bound t o  t h e  c e l l s  w i t h  25/M 6 , 8 - d i - t - b u t y l  chromone 
and s t i m u l a t e d  c e l l s .  The c o r r e s p o n d i n g  p e r c e n t a g e s  were  
3 *3% and 1 . 0 $  w i t h  1% and 10$ ( v / v )  serum r e s p e c t i v e l y .
T h i s  i n d i c a t e s  t h a t  d r u g - b i n d i n g  s u b s t a n c e s  ( p r o t e i n s  
o r  p o s s i b l y  l i p i d s )  a r e  p r e s e n t  i n  ( o r  on)  t h e  c e l l s  and 
t h a t  t h e y  compete  w i t h  t h e  serum f o r  t h e  b i n d i n g  o f
6 , 8 - d i - t - b u t y l  chromone.  F o r  t h i s  chrom one,  t h e  amount 
a s s o c i a t e d  w i t h  t h e  c e l l s  i s  r e l a t e d  t o  t h e  f r e e  n o n - p r o t e i n  
bound c o n c e n t r a t i o n  r a t h e r  t h a n  t h e  t o t a l  c o n c e n t r a t i o n  
( b o t h  p r o t e i n - b o u n d  and f r e e ) .  F o r  o t h e r  chromones o f  
d i f f e r e n t  l i p o p h i l i c i t i e s , t h e  amount o f  chromone 
a s s o c i a t e d  w i t h  t h e  c e l l s  v/ould n o t  be i d e n t i c a l  t o  t h e  
amount o f  6 , 8 - d i - t - b u t y l  chromone a s s o c i a t e d .  The amount 
o f  o t h e r  chromones a s s o c i a t e d  w i t h  t h e  c e l l s  would be  
r e l a t e d  t o  t h e  f r e e  n o n - p r o t e i n - b o u n d  chromone c o n c e n t r a t i o n  
( p r o t e i n  b i n d i n g  i s  r e l a t e d  t o  some e x t e n t  t o  l i p o p h i l i c i t y )  
and a l s o  r e l a t e d  t o  t h e  e a s e  w i t h  w h ic h  t h e  n o n - p r o t e i n -  
bound chromone c o u ld  e n t e r  t h e  c e l l .  The l a t t e r  i s  a l s o  
r e l a t e d  t o  l i p o p h i l i c i t y .
SUMMARY AND CONCLUSIONS
The l i p o p h i l i c i t y  o f  6 , 8 - d i - a l k y l  c h ro m o n e s ,  
m easured  by  t h e i r  a p p a r e n t  p a r t i t i o n  c o e f f i c i e n t s ,  i n c r e a s e  
a s  t h e  s i z e  o f  t h e  a l k y l  s i d e  c h a i n s  i n c r e a s e  ( F i g u r e  2 3 ) .
The a c t i v i t y  o f  t h e s e  compounds a s  i n h i b i t o r s  o f  t h e  r a t e  
o f  i n c o r p o r a t i o n  o f  P h] - t h y m i d i n e  and [ N  - l e u c i n e  by 
P H A - s t im u la te d  g u i n e a - p i g  lymph node c e l l s  i n c r e a s e  a s  
t h e  l i p o p h i l i c i t y  o f  t h e  compounds i n c r e a s e  ( F i g u r e  2 4 ) .
The r a t e  o f  i n c r e a s e  i n  t h e  a c t i v i t y  o f  t h e  compounds a s  
i n h i b i t o r s  o f  [ 3h]  - t h y m i d i n e  and - l e u c i n e  i n c o r p o r a t i o n
i s  l a r g e  a t  low l i p o p h i l i c i t i e s  ( 6 , 8 - d i - m e t h y l ,  6 , 8 - d i - e t h y l , 
and 6 , 8 - d i - n - p r o p y l  ch rom ones)  b u t  s l i g h t  a t  h i g h  
l i p o p h i l i c i t i e s  ( 6 , 8 - d i - t - b u t y l  and 6 , 8 - d i - t - p e n t y l  c h r o m o n e s ) 0
The 6 , 8 - d i - a l k y l  chromones b in d  t o  c s l f  serum 
( T a b l e  20) and b o v in e  serum a lb u m in  (T a b le  2 1 ) .  The more 
l i p o p h i l i c  compounds b in d  t o  c a 1 f  serum t o  a  g r e a t e r  
e x t e n t  t h a n  l e s s  l i p o p h i l i c  6 , 8 - d i - a l k y l  c h ro m o n e s ,
( F i g u r e  2 5 ) .  The amount o f  6 , 8 - d i - t - b u t y l  chromone 
(FPL52806) a s s o c i a t e d  w i t h  lymph node c e l l s  i s  r e l a t e d  t o  
t h e  no n -se rum -bound  compound ( T a b l e  22) r a t h e r  t h a n  t o  t h e  
t o t a l  compound ( b o t h  f r e e  and n o n - s e r u m - b o u n d ) .
The a c t i v i t y  o f  6 , 8 - d i - a l k y l  chromones a s  i n h i b i t o r s  
o f  t h e  s y n t h e t i c  a c t i v i t i e s  o f  P H A - s t im u la te d  g u i n e a - p i g  
lymph node c e l l s  i s  l a r g e l y  d e t e r m i n e d  by t h e  m o l e c u l a r  
p r o p e r t y  o f  l i p o p h i l i c i t y .  I t  i s  s u g g e s t e d  t h a t  t h e  
d e c l i n e  i n  t h e  r a t e  o f  i n c r e a s e  i n  t h e  a c t i v i t y  o f  t h e  
compounds a t  h i g h  l i p o p h i l i c i t i e s  may p a r t i a l l y  be  c a u s e d  
by t h e  . i n c r e a s e d  p r o p o r t i o n  o f  t h e  6 , 8 - d i - a l k y l  chrom ones 
which  a r e  se rum -bound .  The se rum-bound compound is_  
i n a c t i v e .  T h i s  i s  s u p p o r t e d  by t h e  e x p e r im e n t  w i th  
FPL52806 which showed t h a t  t h e  amount o f  compound 
a s s o c i a t e d  w i th  t h e  c e l l s  i s  r e l a t e d  t o  t h e  f r e e  compound 
r a t h e r  t h a n  t o  t h e  t o t a l  compound c o n c e n t r a t i o n .
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5 -1 GENERAL INTRODUCTION
I n  C h a p te r  3 t h e  i n h i b i t o r y  e f f e c t  o f  a n t i - i n f l a m m a t o r y  
d ru g  and n o v e l  compounds, t h e  m a j o r i t y  o f  which  were  ch rom ones ,  
on t h e  s y n t h e t i c  a c t i v i t y  o f  P H A - s t im u la te d  g u i n e a - p i g  lymph 
node c e l l s  were  d e s c r i b e d .  I t  i s  i m p o r t a n t  when s t u d y i n g  
t h e  e f f e c t  o f  compounds on t h e  b i o l o g i c a l  a c t i v i t i e s  o f  
l i v i n g  sy s te m s  t o  d i s t i n g u i s h  b e tw een  a t r u e  i n h i b i t i o n  o f  
t h e  b i o l o g i c a l  a c t i v i t y  by t h e  compound, and t h e  d e a t h  o f  
t h e  b i o l o g i c a l  s y s te m  due t o  t h e  compound*s t o x i c  a c t i o n ,  
which  w i l l  r e s u l t  i n  an  a p p a r e n t  i n h i b i t i o n .  Eurenius'and* 
MacIntyre (1970)  s t r e s s e d  t h e  i m p o r t a n c e  o f  making t h i s  
d i s t i n c t i o n  when t h e  e f f e c t  o f  compound on lymphoc3' t e  
t r a n s f o r m a t i o n  was d e t e r m i n e d .  They d e s c r i b e d  a t e c h n i q u e  
i n v o l v i n g  t h e  c o u n t i n g  o f  n u c l e i  o f  v i a b l e  l y m p h o c y te s  a f t e r  
d i g e s t i o n  o f  t h e  n u c l e i  f rom c o m p o u n d - k i l l e d  c e l l s  by 
c e t r i m i d e  and p r o n a s e .  E a r l i e r  w o r k e r s ,  f o r  exam ple  
Tormey e t  a l  ( 1967 ) had i g n o r e d  t h e  p o s s i b i l i t y  t h a t  t h e  
i n h i b i t o r y  e f f e c t s  o f  p r e d n i s o l o n e  on t h e  s y n t h e t i c  
a c t i v i t i e s  o f  t r a n s f o r m i n g  ly m p h o c y te s  may have  b e e n  due t o  
c y t o t o x i c i t y . O t h e r  w o r k e r s ,  f o r  example  F o r b e s  and Smith 
( 1967 ) s t u d i e d  t h e  lym phocy te  c y t o t o x i c  a c t i o n  o f  t h e  compounds 
t h e y  i n v e s t i g a t e d .  They found t h a t  s a l i c y l a t e  and 
h y d r o c o r t i s o n e  had l i t t l e  e f f e c t  on t h e  v i a b i l i t y  o f  
l y m p h o c y te s ,  b u t  t h a t  i n d o m e t h a c in  was h i g h l y  c y t o t o x i c .
F o rb e s  and Smith  used  a  dye e x c l u s i o n  method t o  d e t e r m i n e  
t h e  v i a b i l i t y  o f  t h e i r  c e l l s .  A s i m i l a r  m ethod ,  t h e  
e x c l u s i o n  o f  e o s i n ,  was used  i n  t h e  p r e s e n t  work t o  
d e t e r m i n e  c e l l  v i a b i l i t y  a f t e r  m i c r o s c o p ic  e x a m i n a t i o n .
A n t l ttl n f l a m m a to r 3r d r u g s  a r e  known t o  s t a b i l i s e  ly sosom e  
membranes (Weissmann,  1972 ,  and I g n a r r o ,  1972) and  t o  p r e v e n t  
t h e  h a e m o ly s i s  o f  e r y t h r o c y t e s  by h y p o t o n i c  l y s i s  ( i n g l o t  
and W olna,  1968 ) ,  t h a t  i s ,  t h e y  have  m e m b r a n e - a c t iv e  
p r o p e r t i e s .  I n  C h a p t e r  3 i t  was r e p o r t e d  t h a t  FPL52806,
6 , 8 - d i - t - b u t y l  chromone i n h i b i t e d  t h e  s y n t h e t i c  a c t i v i t i e s
o f  s t i m u l a t e d  lymph node c e l l s .  The e f f e c t  o f  t h i s  
compound on t h e  s u r f a c e  c h a r a c t e r  o f  s t i m u l a t e d  lymph node 
c e l l s  was d e t e r m i n e d  by s c a n n i n g  e l e c t r o n  m ic ro s c o p y  s i n c e  
i t  was p o s s i b l e  t h a t  t h e  m e m b ra n e -a c t iv e  p r o p e r t i e s  o f  t h e  
compound m ight  m a n i f e s t  t h e m s e l v e s  by a f f e c t i n g  t h e  c e l l  
membrane and e x t e r n a l  a p p e a ra n c e  o f  t h e  c e l l s .  I t  wras  a l s o  
t h o u g h t  p o s s i b l e  t h a t  t h e  c y t o t o x i c  a c t i v i t y  o f  t h e  compound 
would a f f e c t  t h e  a p p e a ra n c e  o f  t h e  c e l l s  u n d e r  t h e  s c a n n i n g  
e l e c t r o n  m ic r o s c o p e .
5*2 VIABILITY AND MORPHOLOGY OF COMPOUND-TREATED 
PHA-STIMULATED GUINEA~PI0r LYMPH NODE CELLS
The v i a b i l i t y  o f  t r e a t e d  lymph node c e l l  c u l t u r e s  a f t e r  
4 0h .  i n c u b a t i o n  w i t h  compound was m easured  by  a e o s i n -  
e x c l u s i o n  m ethod .  ^
The m ic r o s c o p ic  e x a m in a t io n  o f  many o f  t h e  t r e a t e d  c u l t u r e s  
was b r i e f ,  o n l y  t h e  l o w e s t  c o n c e n t r a t i o n s  o f  chromones and 
o t h e r  d ru g s  which c a u s e d  c o m p le te  c e l l  d e a t h  b e in g  r e c o r d e d .
The l o w e s t  c o n c e n t r a t i o n s  which c a u s e d  c o m p le te  c e l l  d e a t h ,  
and t h e  c o n c e n t r a t i o n s  w h ich  i n h i b i t e d  t h e  r a t e  o f
[ % ]  - t h y m i d i n e  i n c o r p o r a t i o n  by 50% a r e  shown i n  T a b le  23 
A t  t h e  c o n c e n t r a t i o n  which  c a u s e d  c o m p le te  c e l l  d e a t h  
t h e r e  was a lw ays  c o m p le te  i n h i b i t i o n  o f  t h e  r a t e  o f
- t h y m i d i n e  i n c o r p o r a t i o n ,  b u t  t h e  c o n c e n t r a t i o n  which 
c a u s e d  5076 i n h i b i t i o n  o f  ^ h ] - t h y m i d i n e  i n c o r p o r a t i o n  was 
a lw ays  a p p r e c i a b l y  lo w er  ( u s u a l l y  a t  l e a s t  2 f o l d )  t h a n  t h e  
c o n c e n t r a t i o n  which c a u s e d  c o m p le t e  c e l l  d e a t h .
The t o x i c i t y  o f  some compounds v/as examined i n  d e t a i l ,  
and t h e  number o f  v i a b l e  c e l l s  i n  c u l t u r e s  t r e a t e d  w i t h  a  
s e r i e s  o f  6 , 8 - d i - a l k y l  chromones o v e r  a  r a n g e  o f  d o s e s  was 
c o u n t e d .  The number o f  v i a b l e  c e l l s  p r e s e n t  i n  t h e  t r e a t e d  
c u l t u r e s  w;as e x p r e s s e d  a s  a p e r c e n t a g e  o f  t h e  number i n  a 
d r u g - f r e e  c u l t u r e .  The number o f  v i a b l e  c e l l s  i n  t h e  d r u g -  
f r e e  c o n t r o l s  were  g e n e r a l l y  30% o f  t h e  number o f  v i a b l e  
c e l l s  added i n i t i a l l y  t o  t h e  c u l t u r e s .  The r e s u l t s  o f  t h e s e
e x p e r i m e n t s  a r e  shown i n  F i g u r e  2 6 .  The chromone
c o n c e n t r a t i o n  which c au se d  30% l o s s  o f  c e l l  v i a b i l i t y  and 
t h e  c o n c e n t r a t i o n  which c a u s e d  5076 i n h i b i t i o n  o f  t h e  r a t e  o f  
? h ]  - t h y m i d i n e  i n c o r p o r a t i o n  a r e  shown i n  T a b le  2 i | .  The 
r e s u l t s  c o n f i r m  t h a t  i n h i b i t i o n  o f  [^u ] - t h y m i d i n e  i n c o r p o r a t i o n  
o c c u r r e d  a t  lo w er  c o n c e n t r a t i o n s  o f  added d r u g  t h a n  d i d  t h e
c o r r e s p o n d i n g  p e r c e n t a g e  o f  c e l l  d e a t h .  For  e x a m p le ,
77/M FPL55731, 6 , 8 - d i - n - p r o p y l  ch rom one ,  c au se d  5076 i n h i b i t i o n
TABLE 23 .  C o n c e n t r a t i o n s  o f  A n t i - I n f l a m m a t o r y  Compounds
and Chromones Which Caused  G r e a t e r  Th^n 90% Loss  
o f  C e l l  V i a b i l i t y  and t h e  C o n c e n t r a t i o n s  which 
I n h i b i t e d  t h e  I n c o r p o r a t i o n  o f  [~^h]-Thymidine 
by  PHA---stimulated G u in e a - P ig  Lymph Node C e l l s  
by 50%
Compound Concn. which  c a u s e d  
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Figure 26. Effect of 6,8-Di-Alkyl Chromones on the Viability 
of PHA-Stimulated Guinea-Pig Lymph INiorie Cells at
40 Hours.
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TABLE 21*.
Compound
FPL 55585 
FPL 55689 
FPL 55731 
FPL 528^6 
FPL 56220
E f f e c t  o f  6 , 8 - D i - A l k y l  Chromones on t h e
I    r i m   Ill II I II i . ■ !— ■. ■■■■■!...* ...   mi
I n c o r p o r a t i o n  o f  L^h! - T hym idine  by PHA.-Stimulated 
G u i n e a - P i g  Lymph Node C e l l s  and t h e  V i a b i l i t y  o f  
P H A -S t im u la te d  G u in e a - P ig  Lymph Node C e l l s  a t  
1*0 Hours
Concn. w h ich  T n h i b i t e d  
t h e  R a te  o f  £->h]-Thymidine 
I n c o r p o r a t i o n  by 50%,
JI)50%
(/•M)
700
220
77  
69
51
Concn.  which  c a u s e d  
L oss  o f  C e l l  V i a b i l i t  
r e l a t i v e  t o  a compoun 
f r e e  c o n t r o l ,  o f  50?o
(/*M)
2500
820  
230 
130
90
o f  t h e  r a t e  o f  I ? * ] - t h y m i d i n e . i n c o r p o r a t i o n ,  w h i l e  50%  l o s s
o f  c e l l  v i a b i l i t y  o c c u r r e d  a t  a n  FPL55731 c o n c e n t r a t i o n  o f  
230 / l i .
I n  f u r t h e r  e x p e r i m e n t s  t h e  e f f e c t  o f  FPL52806,
6 , 8 - d i - t - b u t y l  ch rom one ,  and a l s o  t h e  number o f  t r a n s f o r m i n g  
v i a b l e  c e l l s  ( d e t e r m i n e d  by  d e d u c t i n g  t h e  number o f  v i a b l e  
s m a l l  ly m p h o c y tes  from t h e  t o t a l  number o f  v i a b l e  c e l l s )  
was s t u d i e d .  F i g u r e  27 shows t h e  p e r c e n t a g e  o f  v i a b l e  c e l l s  
and t h e  p e r c e n t a g e  o f  v i a b l e  c e l l s  which were  t r a n s f o r m i n g  
( o r  t r a n s f o r m e d )  r e l a t i v e  t o  t h e  number i n  a c o m p o u n d - f ree  
c o n t r o l  a t  v a r i o u s  c o n c e n t r a t i o n s  o f  FPL32806.
The c o n c e n t r a t i o n  o f  FPL32806 found t o  i n h i b i t  t h e  
r a t e  o f  [ 3h ]  - t h y m i d i n e  i n c o r p o r a t i o n  by 50% i s  69/*M. At 
t h i s  c o n c e n t r a t i o n  t h e  l o s s  o f  c e l l  v i a b i l i t y  was 30f% 
c o n f i r m i n g  t h a t  t h e  e f f e c t  o f  FPL52806 on j ^ n ] - t h y m i d i n e  
i n c o r p o r a t i o n  was n o t  s o l e l y  due t o  i t s  t o x i c  a c t i o n  on t h e  
lymph node c e l l s .
The v a l u e s  f o r  t h e  number o f  t r a n s f o r m i n g  ( o r  t r a n s f o r m e d )  
c e l l s  i n  F i g u r e  27 show t h a t  FPL52806 r e d u c e d  t h e  number o f  
s t i m u l a t e d  c e l l s ,  t o  an e x t e n t  g r e a t e r  t h a n  i t s  e f f e c t  on  t h e  
t o t a l  number o f  v i a b l e  c e l l s .  T h i s  e f f e c t  was g r e a t e r  a t  
FPL52806 c o n c e n t r a t i o n s  above  100/M. At 150/*M FPL52806 
t h e  number o f  s t i m u l a t e d  c e l l s  was 3% o f  t h e  number p r e s e n t  
i n  t h e  d r u g  f r e e  c o n t r o l s ,  w h i l e  t h e  p e r c e n t a g e  v i a b i l i t y  
r e l a t i v e  t o  t h a t  o f  t h e  c o n t r o l  was 37%.
The r e s u l t s  r e p o r t e d  i n  t h i s  s e c t i o n  s h o u l d  be t r e a t e d  
w i t h  c a u t i o n  due t o  t h e  p ro b lem s  which  a r e  i n h e r e n t  i n  t h e  
e x p e r i m e n t a l  p r o c e d u r e  su c h  a s  s a m p l in g  e r r o r ,  s m a l l  number 
o f  c e l l s  c o u n t e d ,  g e n e r a l l y  1 0 0 - 2 0 0 ,  and t h e  d i f f i c u l t y  o f  
d e te r m in in g ,  v i s u a l l y  w h e th e r  a  c e l l  was a s m a l l  lym ph o cy te  
o r  was i n c r e a s e d  i n  s i z e .  The r e s u l t s  do i n d i c a t e  t h a t ,  
a l t h o u g h  t h e  compounds a r e  t o x i c  t o  lymph node c e l l s ,  t h e
i n c o r p o r a t i o n ,  e t c . ,  c a n n o t  s o l e l y  be e x p l a i n e d  on t h e  b a s i s  
o f  t h i s  t o x i c i t y ,  and t h a t  FPL52806 r e d u c ed  t h e  number o f  
c e l l s  which were s t i m u l a t e d  t o  a  g r e a t e r  e x t e n t  t h a n  i t  
r e d u c e d  c e l l  v i a b i l i t y .
e f f e c t  o f  compounds on t h e  r a t e s  o f  - t h y m i d i n e
Figure 27. Effect of FPL 52BD5 Present Throughout the
Culture and Pulse Periods on the Number of
Decrease 
in number, 
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5*3 SCANNING ELECTRON MICROSCOPE EXAMINATION
OF COMPOUND-TREATED PHA-STIMULA TED GUINEA-  
PIG LYMPH NOPE CELLS
S c a n n in g  e l e c t r o n  m ic ro s c o p y  r e v e a l s  t h e  s u r f a c e  
a p p e a r a n c e  o f  examined m a t e r i a l ,  r a t h e r  t h a n  t h e  i n t e r n a l  
s t r u c t u r e s .  P o l l i a c k  e t  a l  (1973)  r e p o r t e d  t h a t  by  t h e i r  
e x t e r n a l  a p p e a r a n c e  lym p h o c y tes  co u ld  be d i f f e r e n t i a t e d  i n t o  
two g ro u p s  c o r r e s p o n d i n g  t o  T o r  t h y m u s - d e p e n d e n t  and B o r  
b u r s a - e q u i v a l e n t  lym phocy te  c l a s s e s .  The T ly m p h o c y te s  
were  smooth s u r f a c e d  i n  g e n e r a l  i n  c o n t r a s t  t o  t h e  B 
ly m p h o c y te s  which  had many e x t e r n a l  p r o c e s s e s .
S in c e  a n t i - i n f l a m m a t o r y  d r u g s  have  membrane a c t i v e  
p r o p e r t i e s ,  FPL52806, 6 , 8 - d i - t - b u t y l  chromone,  i n  a d d i t i o n  
t o  i n h i b i t i n g  t h e  s y n t h e t i c  a c t i v i t i e s  o f  g u i n e a - p i g  lymph 
node c e l l s ,  m igh t  a f f e c t  t h e i r  e x t e r n a l  a p p e a r a n c e  i n  a 
s u b t l e  m anner ,  a s  r e v e a l e d  by t h e  s c a n n in g  e l e c t r o n  
m ic r o s c o p e .  H igh  c o n c e n t r a t i o n s  o f  FPL52806 were  shown 
i n  t h e  p r e v i o u s  s e c t i o n  o f  t h i s  c h a p t e r  t o  be c y t o t o x i c  by 
e o s i n - e x c l u s i o n  t o  lymph node c e l l s .  I t  was e x p e c t e d  t h a t  
dead  c e l l s  might  be d i f f e r e n t i a t e d  from v i a b l e  c e l l s  u n d e r  
t h e  s c a n n in g  e l e c t r o n  m ic ro sc o p e  and t h a t  t h i s  m ig h t  p r o v i d e  
a  f u r t h e r  method f o r  t h e  q u a n t i t a t i o n  o f  c y t o t o x i c i t y  by 
t h i s  compound.
5*3*1 S c a n n in g  E l e c t r o n  M ic r o s c o p ic  E x a m in a t io n  
Of 6 , 8 - D i - t - B u t y l  C h rom o n e-T rea te d  
PH A -S t im u la te d  G u i n e a - P i g  Lymph Node C e l l s
P H A - s t im u la te d  g u i n e a - p i g  lymph node c e l l s  i n c u b a t e d  
f o r  UOh. w i t h  and w i t h o u t  FPL52806, 6 , 8 - d i - t - b u t y l  ch rom one ,  
( 5 0 ,  1 00 ,  150 ,  2 00 ,  500^ 11) were  p r e p a r e d  f o r  s c a n n i n g  
e l e c t r o n  m i c r o s c o p ic  e x a m i n a t i o n  a s  d e s c r i b e d  p r e v i o u s l y .
C e l l s  w h ich  had n o t  b e e n  t r e a t e d  w i t h  FPL52806 were 
e s s e n t i a l l y  s p h e r i c a l  and had  i r r e g u l a r  s u r f a c e s  ( F i g u r e s  2 8 ,
29 and 3 0 ) .  The c e l l s  had p r o c e s s e s  p r o j e c t i n g  on t o  t h e  
s u r f a c e  t o  which  t h e y  were  a t t a c h e d  ( F i g u r e s  28 and 2 9 ) .
Some c e l l s  ( F i g u r e  30)  had a b u l g e  on t h e i r  s u r f a c e ,  s i m i l a r  
t o  t h a t  on a  lem on.  T h is  may c o r r e s p o n d  t o  t h e  u ropod  
d e s c r i b e d  by  M cFar land  e t  a l  (1 9 6 6 ) .
I n  c o n t r a s t ,  c e l l s  t r e a t e d  w i th  FPL52806 (300/M) d i d  n o t  
h a v e  any o f  t h e s e  f e a t u r e s ;  FPL52806 (300/M) was c o m p l e t e l y  
c y t o t o x i c  t o  t h e  c e l l s ,  d e te r m in e d  by e o s i n - e x c l u s i o n  and 
i n h i b i t i o n  o f  s y n t h e t i c  a c t i v i t y .  T h ese  dead  c e l l s  k i l l e d  
b y  300/M' FPL52806 ( F i g u r e  31)  a p p e a r e d  s m o o t h - s u r f a c e d ,  
w i t h  much d e b r i s  p r e s e n t .  C e l l s  t r e a t e d  w i t h  200/M FPL52S06 
were s i m i l a r  ( F i g u r e s  32 and 33) b u t  some c e l l s  had t h e  
p r o c e s s e s  and i r r e g u l a r  s u r f a c e  o f  non-compound t r e a t e d  
c e l l s  ( F i g u r e  3 k ) .  The p r e s e n c e  o f  FPL32806 a t  c o n c e n t r a t i o n s  
o f  100 and 150/M r e s u l t e d  i n  some c e l l  d e a t h  ( F i g u r e s  35 and 
3 6 ) ,  b u t  most c e l l s  had t h e  i r r e g u l a r  s u r f a c e  and p r o c e s s e s  
o f  t h e  d ru g  f r e e  c o n t r o l  c e l l s  ( F i g u r e s  37 and 3 8 ) .  The 
s m o o t h - s u r f a c e d  c e l l s  and d e b r i s  were a b s e n t  f rom t h e  50/M 
FPL52806 - t r e a t e d  sam p le s  ( F i g u r e s  39 and k o ) , i n d i c a t i n g  
l i t t l e  t o x i c i t y .  ,
C e l l s  f rom a n o n - s t i r a u l a t e d  and F P L 5 2 9 0 6 - f r e e  c u l t u r e  
a r e  shown i n  F i g u r e  i+1. These  have  t h e  w r i n k l e d  i r r e g u l a r  
s u r f a c e  o f  s t i m u l a t e d  c e l l s  ( F i g u r e s  2 8 -3 0 )  w i t h  p r o c e s s e s  
a t t a c h i n g  t h e  c e l l s  t o  t h e  s u r f a c e  o f  t h e  c o v e r s l i p ,  t h o u g h  
t h e  p r o c e s s e s  may be  fe w e r  i n  number t h a n  t h o s e  o f  
s t i m u l a t e d  c e l l s .
The p r e p a r a t i o n  o f  t h e  c e l l s  f o r  e x a m i n a t i o n  u n d e r  
t h e  s c a n n in g  e l e c t r o n  m ic r o s c o p e ,  which e n t a i l s  many w a s h e s ,  
may s e l e c t i v e l y  a l t e r  t h e  r e l a t i v e  p r o p o r t i o n s  o f  c e l l  t y p e s
( w r i n k l e d - i r r e g u l a r ,  and smooth s u r f a c e d )  p r e s e n t  i n  t h e  
f i n a l  p r e p a r a t i o n  r e l a t i v e  t o  t h a t  i n  t h e  c e l l  c u l t u r e  t u b e .  
Some d e g re e  o f  s e l e c t i v i t y  may a l s o  be s u b j e c t i v e l y  i n t r o d u c e d  
a t  t h e  t im e  o f  e x a m in a t io n  u n d e r  t h e  m ic ro sc o p e  and c h o i c e  
o f  c e l l s  t o  be  p h o t o g r a p h e d .  '
Figure 28. Scanning Electron Micrograph of PHA-Stimulated
Guinea-Pig Lymph Node Cells at 40 Hours:
Magnification = 2*1 o o
Figure 29. Scanning Electron Micrograph of PHA-Stimulated 
Guinea-Pig Lymph Node Cells at 40 Hours: 
Magnification = I^OOO
i ii i j . i  igj  i— l c u i » i  u i  j M j l u . i. u g i  a j j 1 1  u t  rnn-DLimuiatea
Guinea-Pig Lymph Node Cells at 40 Hours: 
Magnification = 1 9 0 0 0
Figure 31. Scanning Electron Micrograph of 300yiM FPL 52806 -• Treated 
PHA-Stimulated Guinea-Pig Lymph Node Cells at 40 Hours:
Magnification = *7500
Figure 32. Scanning Electron Micrograph of 200pM FPL 52806 - Treated
PHA-Stimulated Guinea-Pig Lymph Node Cells at 40 Hours:
PHA-Stimulated Guinea-Pig Lymph Node Cells at 40 Hours:
Magnification = *7500
Magnification = I SO O
Figure 33. Scanning Electron Micrograph of 200yM FPL 52806 - Treated
PHA -Stimulated Guinea-Pig Lymph Node Cells at 40 Hours:
Magnificstion = S 2 6 o
Figure 35. Scanning Electron Micrograph of 150yiM FPL 52806 - Treated 
PHA-Stimulated Guinea-Pig Lymph Node Cells at 40 Hours: 
Magnification = 2  0 5 0
PHA-Stimulated Guinea-Pig Lymph Node Cells at 40 Hour
Magnification
Figure 37. Scanning Electron Micrograph of 150yM FPL 52306 - Treated 
PHA-Stimulated Guinea-Pig Lymph Node Cells at 40 Hours: 
Magnification = 2 0 5 0
m ♦
PHA-Stimulated Guinea-Pig Lymph Node Cells at 40 Hours:
Magnification = 2 l O O
Figure 39. Scanning Electron Micrograph of 50yM FPL 52806 - Treated 
PHA-Stimulated Guinea-Pig Lymph Node Cells at 40 Hours:
Magnification =2 050
Figure 40. Scanning Electron Micrograph of 50yN FPL 52806 - Trested
PHA -Stimulated Guinea-Pig Lymph Node Cells at 40 Hours: 
Magnification = l o o o
Figure 41. Scanning Electron Micrograph of Non-Stimulated 
Guinea-Pig Lymph Node Cells at 40 Flours: 
Magnification = I IOOO
A c c e p t i n g  t h e s e  r e s e r v a t i o n s  t h e  s c a n n i n g  e l e c t r o n  
m ic r o g r a p h s  i n d i c a t e  t h a t ,  t h o u g h  h ig h  F . ? L 5 2 8 o 6 - c o n c e n t r a t i o n  
changed t h e  a p p e a ra n c e  o f  t h e  m a j o r i t y  o f  t h e  c e l l s  ( p r e s u m a b ly  
by k i l l i n g  t h e m ) , lo w er  c o n c e n t r a t i o n s ,  which i n h i b i t e d  
s y n t h e t i c  p r o c e s s e s  by a t  l e a s t  50%, changed  t h e  a p p e a r a n c e  
o f  o n l y  a  s m a l l  p r o p o r t i o n  o f  t h e  c e l l s .  T h i s  s u p p o r t s  
t h e  c o n c l u s i o n  from t h e  e c s i n - e x c l u s i o n  e x p e r i m e n t s  t h a t  t h e  
e f f e c t  o f  t h e  compound on t h e  s y n t h e t i c  p r o c e s s e s  was n o t  
s o l e l y  due t o  i t s  t o x i c  a c t i o n .
A t t e m p t s  were n o t  made t o  q u a n t i t a t e  t h e  c y t o t o x i c i t y  
c a u s e d  by i n c r e a s i n g  c o n c e n t r a t i o n  o f  6 , 8 - d i - t - b u t y l  chrom one ,  
h o w e v e r ,  when t h e  p r a c t i c a l  d i f f i c u l t i e s  and v a r i a b i l i t y  o f  
t h e  t e c h n i q u e  were a p p r e c i a t e d .  F o r  example  t h e  p r e p a r a t i o n s  
f rom t h e  c e l l s  t r e a t e d  w i th  200 and 300/M compound chromone 
con ta ined ,  v e r y  few c e l l s  and l i t t l e  c e l l  d e b r i s  compared w i th  
p r e p a r a t i o n s  t r e a t e d  w i th  lo w e r  chromone c o n c e n t r a t i o n s .
The chromone n o t  o n ly  k i l l e d  t h e  c e l l s  b u t  a l s o  a f f e c t e d  t h e  
number o f  c e l l s  and amount o f  c e l l  d e b r i s  which a d h e r e d  to  
t h e  c o v e r s l i p s  and was c a r r i e d  th r o u g h  t o  f i n a l  p r e p a r a t i o n s .
P o l l i a c k  e t  a l  (19 7 3 )  u se d  c r i t i c a l  p o i n t  d r y i n g  f o r  t h e  
p r e p a r a t i o n  o f  t h e i r  m a t e r i a l  f o r  s c a n n i n g  e l e c t r o n  m ic r o s c o p y .  
P r e v i o u s  w o rk e r s  (Boyde e t  a l , 1972) used  a i r  d r y i n g ,  a s  was 
u se d  i n  t h e  p r e s e n t  work .  P o l l i a c k  e t  a l  s t a t e  t h a t  t h e  
a i r  d r y i n g  c a u s e s  d i s t o r t i o n  o f  m a t e r i a l  and i s  u n s a t i s f a c t o r y . 
I t  i s  i n t e r e s t i n g  t h a t  t h e  a p p e a ra n c e  o f  t h e  c e l l s  t h e y  
o b s e r v e d ,  smooth b u t  s l i g h t l y  i r r e g u l a r  c e l l s ,  ( an d  c o n s i d e r e d  
t o  be  T l y m p h o c y t e s ) , was v e r y  s i m i l a r  t o  t h e  a p p e a r a n c e  o f  
c e l l s  o b s e rv e d  i n  t h e  p r e s e n t  w ork .  G u i n e a - p i g  lymph nodes  
a r e  rpo-n/j; t  l y m p h o c y te s .  None o f  t h e  c e l l s  i n  t h e  
p r e s e n t  work was s i m i l a r  i n  a p p e a r a n c e  t o  t h e  B ly m p h o c y te s  
d e s c r i b e d  by P o l l i a c k  e t  a l ; h o w e v e r ,  t h e  a b s e n c e  o f  t h e s e  
may r e f l e c t  t h e  d e f i c i e n c i e s  o f  a i r  d r y i n g  f o r  t h e  
p r e s e r v a t i o n  o f  d e l i c a t e  d e t a i l s ,  r a t h e r  t h a n  t h e  t o t a l  
a b s e n c e  o f  B ly m p ho cy tes  from g u i n e a - p i g  lymph node c e l l  
c u l t u r e s  a f t e r  2+0h. i n c u b a t i o n .
SUMMARY AND CONCLUSIONS
E s t a b l i s h e d  a n t i - i n f l a m m a t o r y  d r u g s  and c a n d i d a t e  
compounds which  i n h i b i t e d  t h e  s y n t h e t i c  a c t i v i t i e s  o f  
P H A - s t im u la te d  g u i n e a - p i g  lymph node c e l l s  were c y t o t o x i c  
t o  t h e  c e l l s ,  b u t  t h e  c o n c e n t r a t i o n s  c a u s i n g  c o m p le te  c e l l  
d e a t h  were g e n e r a l l y  a t  l e a s t  2 - f o l d  h i g h e r  t h a n  t h e  
c o n c e n t r a t i o n s  i n h i b i t i n g  [ 3h ] - t h y m i d i n e  i n c o r p o r a t i o n  by 
50% ( T a b l e  2 3 ) ,  The c o n c e n t r a t i o n s  o f  6 , 8 - d i - a l k y l  chromones 
which  c a u s e d  50% l o s s  o f  c e l l  v i a b i l i t y  were 2 t o  3 - f o l d  
h i g h e r  t h a n  t h e  c o n c e n t r a t i o n s  which  i n h i b i t e d  t h e  
i n c o r p o r a t i o n  o f  P h J - t h y m i d i n e  by 50% ( T a b le  2 b ) ,  The
6 , 8 - d i - t - b u t y l  chromone (FPL528C6) re d u c e d  t h e  number o f  
m o r p h o l o g i c a l l y  t r a n s f o r m e d  c e l l s  to  a g r e a t e r  e x t e n t  t h a n  
t h e  compound re d u c e d  t o t a l  c e l l  v i a b i l i t y  ( F i g u r e  2 7 ) ,
S ca n n in g  e l e c t r o n  m ic ro sc o p e  e x a m i n a t i o n  o f  FPL52806- 
t r e a t e d  c e l l s  (w hich  a l l o w e d  v i a b l e  and dead  c e l l s  t o  be 
d i f f e r e n t i a t e d )  s u p p o r t e d  t h e  v ie w  t h a t  a p p r e c i a b l e  l o s s  o f  
c e l l  v i a b i l i t y  o c c u r r e d  a t  compound c o n c e n t r a t i o n s  a p p r e c i a b l y  
h i g h e r  t h a n  t h o s e  found  t o  i n h i b i t  i n c o r p o r a t i o n  o f  
- t h y m i d i n e  by  50%,
I t  would seem t h a t ,  though  t h e  compounds s t u d i e d  were 
c y t o t o x i c ,  t h e  e f f e c t s  on t h e  s y n t h e t i c  a c t i v i t i e s  o f  
P H A -s t im u la te d  lymph node c e l l s  o f  t h e  compounds ,  p a r t i c u l a r l y  
FPL52806, c a n n o t  be e x p l a i n e d  s o l e l y  i n  t e r m s  o f  c y t o t o x i c i t y .
CHAPTER S I X
THE RELATIONSHIP BETWEEN THE MOLECULAR PROPERTIES 
OF COMPOUNDS AND THEIR PHARMACOLOGIC ACTIVITIES 
ARP DISCUSSION OF THE RELEVANCE OF THESE ACTIVITIES
TO THEIR THERAPEUTIC ACTION
6*1 GENERAL INTRODUCTION
I n  C h a p t e r  3 t h e  i n h i b i t o r y  e f f e c t s  o f  e s t a b l i s h e d  
a n t i - i n f l a m m a t o r y  d r u g s  and chromones on t h e  i n c o r p o r a t i o n  
o f  p r e c u r s o r s  o f  some o f  t h e  m ajor  b i o l o g i c a l  m ac ro m o le cu le s  
b y  P H A - s t im u la te d  g u i n e a - p i g  lymph node c e l l s  was d e s c r i b e d .
I n  C h a p t e r  k  i t  was shown t h a t  t h e  p o t e n c y  o f  c e r t a i n  
chromones c o u ld  be  r e l a t e d  t o  t h e i r  l i p o p h i l i c i t y  and t h a t  
t h e  e x t e n t  t o  which  t h e s e  compounds b in d  t o  serum p r o t e i n  
was a l s o  r e l a t e d  t o  t h e i r  l i p o p h i l i c i t y .  The amount o f  
one compound ( 6 , 8 - d i - t - b u t y l  chromone)  which  was a s s o c i a t e d  
w i t h  t h e  lymph node c e l l s  i n  t h e  p r e s e n c e  o f  serum was shown 
t o  be r e l a t e d  t o  t h e  f r e e  n o n -se ru m  bound d r u g .
I n  C h a p t e r  5 t h e  e f f e c t  o f  a n t i - i n f l a m m a t o r y  d r u g s  and 
chromones on t h e  v i a b i l i t y ,  and f o r  one compound t h e  
m orph o log y ,  o f  lymph node c e l l s  was d e s c r i b e d .  The p r o p e r t i e  
o f  compounds have  been  s t u d i e d  a t  t h e  m o l e c u l a r  l e v e l  
( C h a p t e r  4 ) ,  a t  t h e  b i o c h e m i c a l  p ha rm a co lo g y  l e v e l  ( C h a p t e r  3)  
and a t  t h e  l e v e l  o f  g r o s s  morphology  ( C h a p t e r  5 ) .  The 
r e l a t i o n s h i p s  b e tw ee n  t h e s e  p r o p e r t i e s  w i l l  be d i s c u s s e d  h e r e  
and t h e  t h e s i s  d e v e lo p e d  t h a t  t h e  m o l e c u l a r  p r o p e r t y  o f  
l i p o p h i l i c i t y  o f  some o f  t h e  compounds t e s t e d  ( i . e .  t h e
6 , 8 - d i - a l k y l  chromones)  c o n t r o l s  t h e  b i o c h e m i c a l  p h a rm a c o lo g y  
and g r o s s  morphology e f f e c t s  o f  t h e  compounds. The e f f e c t  
o f  a n t i - i n f l a m m a t o r y  d r u g s  and chromones on o t h e r  i n - v i t r o  
t e s t s  and an im a l  model t e s t s  ( s t u d i e d  by  c o l l e a g u e s  a t  
F i s o n s  L t d . ,  p h a r m a c e u t i c a l  D i v i s i o n )  w i l l  be b r i e f l y  
d e s c r i b e d  and t h e  s i m i l a r i t i e s  and d i f f e r e n c e s  b e tw e e n  t h e  
r e s u l t s . . o f  >t h e s e . t e s t s  and r e s u l t s  o b t a i n e d  by m y s e l f  u s i n g  
t h e  lymph node c e l l  c u l t u r e  sy s te m s  d i s c u s s e d .  F i n a l l y  
t h e  v a l u e  o f  t h e  lymph node c e l l  c u l t u r e  s y s te m s  f o r  d e t e c t i o n  
o f  t h e r a p e u t i c  a c t i v i t i e s  w i l l  be  c o n s i d e r e d .
6*2 ' RELATIONSHIP BETWEEN MORPHOLOGICAL AND
BIOCHEMICAL PHARMACOLOGY PARAMETERS
The i n h i b i t o r y  e f f e c t s  o f  a l l  t h e  a n t i - i n f l a m m a t o r y  
d r u g s  and c a n d i d a t e  compounds (ch rom ones)  t e s t e d  on t h e  
s y n t h e t i c  p r o c e s s e s  o f  P H A - s t im u la te d  g u i n e a - p i g  lymph node 
c e l l s  a r e  summarized  i n  T a b l e s  25 and 26. The c o n c e n t r a t i o n s  
o f  compound a t  which  a p p r e c i a b l e  t o x i c i t y  t o  t h e  c e l l s  was 
s e e n  a r e  shown, and i n  some c a s e s  t h e  compound c o n c e n t r a t i o n  
c a u s i n g  50% l o s s  o f  c e l l  v i a b i l i t y .
The 6 , 8 - d i - t - b u t y l  chrom one,  FPL52806, was s t u d i e d  i n  
g r e a t e r  d e t a i l  t h a n  any o f  t h e  o t h e r  compounds. F o r  exam ple ,  
t h e  number o f  c e l l s  t r a n s f o r m i n g  i n  t h e  p r e s e n c e  o f  t h i s  d rug  
were  d e t e r m i n e d .  I n  F i g u r e  l\.2 t h e  d o s e - r e s p o n s e  c u r v e s  o f  
t h e  e f f e c t  o f  FPL52806 on s y n t h e t i c  p r o c e s s e s  and a l s o  
m o r p h o lo g i c a l  p a r a m e t e r s  a r e  shown. The s l o p e s  o f  t h e  
d o s e - r e s p o n s e  c u r v e s  o f  i n h i b i t i o n  o f  t h e  r a t e  o f  i n c o r p o r a t i o n  
o f  p H * ] - t h y m i d i n e , - l e u c i n e  and M  - g l u c o s a m i n e  a t  .’i C h , ,
and p n ] - u r i d i n e  a t  1 and 20h .  and a l s o  t h e  l o s s  o f  c e l l  
v i a b i l i t y  and r e d u c t i o n  i n  t h e  number o f  t r a n s f o r m i n g  c e l l s  
a t  UOh. were a l l  s i m i l a r .  These  s i m i l a r  s l o p e s  i n d i c a t e  
t h a t  t h e  e f f e c t  o f  t h e  compound on t h e s e  p a r a m e t e r s  may 
i n v o l v e  a  common mechanism. T h e r e  i s  no dou b t  t h a t  t h e  
compound was t o x i c  t o  lymph node c e l l s  (m easu red  by t h e  l o s s  
o f  c e l l  v i a b i l i t y ) ,  b u t  a p p r e c i a b l e  i n h i b i t i o n  o f  p H ] ~ t h y m i d i n  
and p l l j - g l u c o s a m i n e  i n c o r p o r a t i o n  o c c u r r e d  a t  FPL52806 
c o n c e n t r a t i o n s  which c a u se d  l i t t l e  l o s s  o f  c e l l  v i a b i l i t y .
The e f f e c t  o f  FPL52806 on t h e s e  s y n t h e t i c  p a r a m e t e r s  c a n n o t  
b e  e x p l a i n e d  s o l e l y  by t h e  t o x i c  a c t i v i t y  o f  t h e  d r u g .
The r e l a t i v e  s e n s i t i v i t i e s  t o  FPL52806 o f  t h e  v a r i o u s
p a r a m e t e r s  m easured  was [ ^ h | - g lu c o s a m in e  i n c o r p o r a t i o n s
p H * ] - th y m id in e  i n c o r p o r a t i o n  > [ p c j - l e u c i n e  i n c o r p o r a t i o n s
r e d u c t i o n  i n  t h e  number o f  t r a n s f o r m e d  c e l l s  > r e d u c t i o n  i n
c e l l  v i a b i l i t y ^  I PI - u r i d i n e  i n c o r p o r a t i o n  a t  2 0 h . >
\ 3  1  J^ H J - u r i d i n e  i n c o r p o r a t i o n  a t  l h . ,  i n  o r d e r  o f  d e c l i n i n g  
s e n s i t i v i t y .  An i d e n t i c a l  o r d e r  o f  s e n s i t i v i t y  was s e e n
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f o r  t h e  o t h e r  compounds ( T a b le  2 6 ) .  F o r  example  t h e
. [ > ]  - l e u c i n e  i n c o r p o r a t i o n  was a lw ays  h i g h e r  t h a n  
t h a t  o f  p l l ]  - t h y m i d i n e  i n c o r p o r a t i o n ,  and t h e  compound 
c o n c e n t r a t i o n  c a u s i n g  50$ l o s s  o f  c e l l  v i a b i l i t y  was even  
h i g h e r  (220/M, kdO/U and 820/M i n  t h e  c a s e  o f  FPL55689,
6 , 8 - d i - e t h y l  c h ro m on e) .
The d i f f e r i n g  s e n s i t i v i t i e s  o f  - u r i d i n e  i n c o r p o r a t i o n  
t o  FPL52806, 6 , 8 - d i - t - b u t y l  chrom one,  a t  1 and 2 0 h . ,  may be 
e x p l a i n e d  by s u p p o s in g  t h a t  a g r a d u a l  u p t a k e  o f  t h e  compound 
by t h e  c e l l s  t a k e s  p l a c e , . w h i c h  i s  s t i l l  o c c u r r i n g  a t  l h . ,  
h e n ce  t h e  r e q u i r e m e n t  o f  a h i g h e r  FPL52806 c o n c e n t r a t i o n  
f o r  50% i n h i b i t i o n  t o  be a c h i e v e d  a t  l h e t h a n  a t  2 0 h « , t h e  
i n t r a - c e l l u l a r  FPL528C6 c o n c e n t r a t i o n  which c a u s e d  50% 
i n h i b i t i o n  b e in g  i d e n t i c a l  a t  b o t h  t i m e s .  T h i s  e x p l a n a t i o n  
i s  s u p p o r t e d  by e x p e r im e n t , ,  i n  which  i t  was shown t h a t  t h e  
l o n g e r  t h e  c e l l s  had been  exposed  t o  a  f i x e d  c o n c e n t r a t i o n  
o f  FPL52806 t h e  g r e a t e r  t h e  i n h i b i t i o n  o f  p f i ] - t h y m i d i n e  
and - l e u c i n e  i n c o r p o r a t i o n .  T h i s  t h e o r y  o f  a g r a d u a l
u p t a k e  o f  compound by  t h e  c e l l s  i s  u n l i k e l y  however t o  e x p l a i n  
t h e  d i f f e r e n t  s e n s i t i v i t i e s  o f  F h ]  - t h y m i d i n e  and j p ^ c j - l e u c i n e  
i n c o r p o r a t i o n  t o  compound a t  hO h., u n l e s s  i t  i s  f u r t h e r  
s u g g e s t e d  t h a t  t h e s e  s y n t h e t i c  p r o c e s s e s  o c c u r  i n  d i f f e r e n t  
i n t r a - c e l l u l a r  com par tm en ts  and t h a t  t h e  c o m p a r tm en t  i n  which  
p r o t e i n  s y n t h e s i s  o c c u r s ,  t h e  e n d o p la sm ic  r e t i c u l u m ,  c o n t a i n s  
l e s s  compound t h a n  t h e  com par tm ent  where  - t h y m i d i n e  
i n c o r p o r a t i o n  o c c u r s ,  t h e  n u c l e u s .  A s i m p l e r  e x p l a n a t i o n  
f o r  t h e  d i f f e r e n c e  i n  compound p o t e n c i e s  a s  i n h i b i t o r s  o f  
Pal - t h y m i d i n e  and [ XV ]  - l e u c i n e  i n c o r p o r a t i o n  i s  t h a t  
P h J - t h y m i d i n e  i n c o r p o r a t i o n  i s  more s u s c e p t i b l e  t o  i n h i b i t i o n  
t h a n  t h e  i n c o r p o r a t i o n  o f  [ ^ c j - l e u c i n e .
The r e d u c t i o n  i n  t h e  number o f  t r a n s f o r m i n g -( o r  
t r a n s f o r m e d )  c e l l s  o c c u r r e d ,  i n  t h e  c a s e  o f  FPL52806,  a t  
compound c o n c e n t r a t i o n s  when a l l  t h e  s y n t h e t i c  p r o c e s s e s  
m easured  a t  liOh. were  i n h i b i t e d  t o  an  a p p r e c i a b l e  d e g r e e .
A t  h i g h e r  compound c o n c e n t r a t i o n s  t h e  i n h i b i t i o n  o f  t h e  -  
s y n t h e t i c  p r o c e s s e s  a t  Ij.Oh. a p p ro a c h e d  100$ and t h e  l o s s  o f  
c e l l  v i a b i l i t y  i n c r e a s e d .
I t  i s  s u g g e s t e d  t h a t  t h e  p a r a m e t e r s  o f  s y n t h e s i s  
and m orphology r e p r e s e n t  a co n t in u u m  and t h a t  t h e y  p o s s e s s  
d i f f e r i n g  s u s c e p t i b i l i t i e s  t o  i n h i b i t i o n  by compounds.
The i n c o r p o r a t i o n  o f  - t h y m i d i n e  and [ 3h]  - g l u c o s a m in e  
a r e  t h e  most s e n s i t i v e  p a r a m e t e r s .  H igh e r  compound 
c o n c e n t r a t i o n s  p r o g r e s s i v e l y  a f f e c t  - l e u c i n e  and
- u r i d i n e  i n c o r p o r a t i o n .  R e d u c t i o n  i n  t h e  r a t e s  o f  t h e s e  
s y n t h e t i c  a c t i v i t i e s  c o r r e s p o n d s  t o  a d e c r e a s e  i n  t h e  number 
o f  lymph node c e l l s  which a r e  t r a n s f o r m e d  i n  t h e  p r e s e n c e  
o f  PI 
f o r
c e l l s  by FPL52806 i s  c l o s e .  T h i s  s u g g e s t s  t h a t  m easurement  
o f  p V )  - l e u c i n e  i n c o r p o r a t i o n  i s  t h e  b e s t  s y n t h e t i c  p a r a m e t e r  
f o r  a s s e s s i n g  lym phocy te  t r a n s f o r m a t i o n .  At e v e n  h i g h e r  
compound c o n c e n t r a t i o n  t h e  number o f  v i a b l e  c e l l s  d e c r e a s e s  
due t o  l a r g e  i n h i b i t i o n  o f  t h e  s y n t h e t i c  p r o c e s s e s .  The 
m o r p h o lo g i c a l  ch an g e s  r e s u l t  from t h e  b i o c h e m i c a l  e f f e c t s  
o f  t h e  compounds on t h e  s y n t h e t i c  p r o c e s s e s .
HA. The c o r r e s p o n d e n c e  b e tw ee n  t h e  i n h i b i t i o n  c u r v e s
- l e u c i n e  i n c o r p o r a t i o n  and t h e  number o f  t r a n s f o r m e d
6 * 3  RELATIONSHIP BETWEEN THE LIPO PH IL IC IT Y
OP 6 ,8-DI-ALKYL CHROlfONES
POTENCIES AS INHIBITORS OF PNA AND
ANN THEIR
PROTEIN SYNTHESIS
I n  C h a p t e r  4 measurement  o f  t h e  a p p a r e n t  p a r t i t i o n  
c o e f f i c i e n t  o f  6 , 8 - d i - a l k y l  s u b s t i t u t e d  chromones was 
d e s c r i b e d ,  T a b l e s  o f  t h e  c o n t r i b u t i o n  which  v a r i o u s  
c h e m ic a l  g r o u p s  make t o  t h e  t o t a l  l i p o p h i l i c i t y  o f  a m o le c u le  
h a v e  b e e n  p u b l i s h e d  (H a n sc h ,  1 9 7 2 ) .  I t  i s  t h e r e f o r e  
p o s s i b l e  t o  c a l c u l a t e  t h e  c o n t r i b u t i o n  which  t h e  v a r i o u s  
a l k y l  s u b s t i t u e n t s  make t o  t h e  t o t a l  l i p o p h i l i c i t y  o f  t h e
6 , 8 - d i - a l k y l  s u b s t i t u t e d  chrom ones ,  and knowing a l s o  t h e  
l i p o p h i l i c i t y  o f  t h e  chromone n u c l e u s ,  t o  c a l c u l a t e  
t h e o r e t i c a l  p a r t i t i o n  c o e f f i c i e n t s .  These  a r e  used  t o  
p l o t  s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p s  i n  F i g u r e  43 .
F i g u r e  43 i s  F i g u r e  24 r e - p l o t t e d  u s i n g  c a l c u l a t e d  p a r t i t i o n  
v a l u e s  f o r  t h e  r e s p e c t i v e  6 , 8 - d i - a l k y l  s u b s t i t u t e d  c h ro m o n e s ,  
I n s t e a d  o f  e x p e r i m e n t a l l y  m easured  p a r t i t i o n  c o e f f i c i e n t s .
The u s e  o f  c a l c u l a t e d  p a r t i t i o n  d a t a  h a s  l i t t l e  e f f e c t  on 
t h e  fo rm  o f  t h e  c u r v e ,  when compared w i t h  F i g u r e  2 4 j Page  131 .
I t  was shown ( T a b le  20)  t h a t  much o f  t h e  chromone added 
t o  t h e  lymph node c e l l  c u l t u r e s  would h av e  b e e n  bound t o  
se rum  p r o t e i n s .  P r o t e i n - b o u n d  compound i s  b e l i e v e d  t o  be 
p h a r m a c o l o g i c a l l y  i n a c t i v e .  I n  c o n f i r m a t i o n  i t  was shown 
t h a t  the.  - 6 , 8 - d i - t - b u t y l  chromone a s s o c i a t e d  w i t h  t h e  
lymph node c e l l s  (and  p r e s u m a b ly  w i t h i n  t h e  c e l l s  and 
p h a r m a c o l o g i c a l l y  a c t i v e )  i s  r e l a t e d  t o  t h e  f r e e  compound 
c o n c e n t r a t i o n  r a t h e r  t h a n  t o  t h e  t o t a l  compound c o n c e n t r a t i o n .  
The  IDj^cr/ f o r  P h] - t h y m i d i n e  and P-v) - l e u c i n e  i n c o r p o r a t i o n  
were  t h e r e f o r e  c o r r e c t e d  f o r  p r o p o r t i o n  o f  added chromone 
which  was bound t o  serum p r o t e i n ,  T a b le  20 .  The r e s u l t i n g  
p o t e n c i e s ,  IDp;^/ f r e e  compound, and t h e  p o t e n c i e s  o f  t o t a l  
added compound ( F i g u r e  43) a r e  shown as  t h e  l o g a r i t h m  o f  
t h e i r  r e c i p r o c a l  p l o t t e d  a g a i n s t  t h e  l o g a r i t h m  o f  t h e  
c a l c u l a t e d  t h e o r e t i c a l  p a r t i t i o n  c o e f f i c i e n t  i n  F i g u r e  44*
- 1 7  5 -
Figure 43. Relationship between the Reciprocal of the
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The d e f i n i t e  c u r v e s  found when t h e  compound p o t e n c i e s  
were p l o t t e d  u s i n g  t h e  t o t a l  compound c o n c e n t r a t i o n  v/ere 
c o n v e r t e d  t o  c u r v e s ,  which  a p p ro x im a te d  t o  s t r a i g h t  l i n e s ,  
o v e r  t h e  r a n g e  m e thy l  t o  t - b u t y l  s u b s t i t u e n t s ,  when t h e  f r e e  
compound c o n c e n t r a t i o n s  were  u s e d .  T h i s  shows t h a t  t h e  
p o t e n c y  o f  t h e  f r e e  6 , 8 - d i - a l k y l  chromones was c l o s e l y  
r e l a t e d  t o  t h e i r  l i p o p h i l i c i t y .
Hansch ( 1 9 6 9 ) d e s c r i b e d  g e n e r a l  e q u a t i o n s  r e l a t i n g  t h e  
p o t e n c y  o f  compounds i n  a b i o l o g i c a l  t e s t  s y s te m  t o  t h e i r  
p h y s i c a l  p r o p e r t i e s ,  such  as  p a r t i t i o n  c o e f f i c i e n t .  An 
example  o f  such  i s :
log ^  log P°  - lc2 (log P 0 ) 2 + kj + k^
where  k ^ ,  k^  and k ^  a r e  c o n s t a n t s
ID i s  t h e  c o n c e n t r a t i o n  o f  compound c a u s i n g  a  g i v e n  r e s p o n s e ,  
f o r  exam ple ,  30% i n h i b i t i o n .
P °  i s  t h e  p a r t i t i o n  c o e f f i c i e n t  c a l c u l a t e d  t h e o r e t i c a l l y  and 
i s  Hammett1 s  e l e c t r o n i c  f a c t o r .
The d a t a  f o r  t h e  f r e e  compound i l l u s t r a t e d  i n  F i g u r e  kk  
was f i t t e d  t o  t h i s  e q u a t i o n  by Mr. M.T. S t e v e n s ,  S t a t i s t i c s  
D e p a r tm e n t ,  F i s o n s  L t d .  I t  was assumed t h a t  t h e  t e r m  
i n v o l v i n g  Hammett’ s e l e c t r o n i c  f a c t o r , O '  , made no c o n t r i b u t i o n ,  
s i n c e  i t  i s  known t h a t  a l k y l  s u b s t i t u e n t s  have  n e g l i g i b l e  
e f f e c t  on or (H a n sc h ,  1 9 7 2 ) .  The O' v a l u e s  f o r  t h e  6 , 8 - d i - a l k y l  
chromones were a l s o  n o t  known.
f i  h iThe d e r i v e d  e q u a t i o n  f o r  i n h i b i t i o n  o f  [_ C J - l e u c i n e  
i n c o r p o r a t i o n  was:
l o e  i n  = 0 . 8 2 5  log P° -  0 . 0 4 2  (log P 0 ) 2 -  3 . 9 9
30% f r e e  compound
n = 5 , r  = 0 .9 9 9
and t h a t  f o r  i n h i b i t i o n  o f  - t h y m i d i n e  i n c o r p o r a t i o n :
l0E y d = 0.634 log p° - 0.049 (log P0)2 - 3.62
30% f r e e  compound
n  = 3 ,  r  = 0 . 9 9 8
I f  Hammett*.serf a c t o r  made any c o n t r i b u t i o n  t h i s  i s  
i n c l u d e d  i n  t h e  f i n a l  t e r m  o f  t h e  e q u a t i o n s .  The 
c o r r e l a t i o n  c o e f f i c i e n t s  ( 0 .9 9 8 )  i n d i c a t e  t h a t  Hammett’ s cr 
f a c t o r  d id  n o t  make a v a r y i n g  c o n t r i b u t i o n  and t h a t  t h e  
a c t i v i t y  o f  t h e  f r e e  n o n - p r o t e i n  bound 6 , 8 - d i - a l k y l  chromones 
a s  i n h i b i t o r s  o f  t h e  r a t e s  o f  - l e u c i n e  and - t h y m i d i n e
i n c o r p o r a t i o n  by P H A - s t im u la te d  g u i n e a - p i g  lymph node c e l l s  
c an  be c o m p l e t e l y  d e s c r i b e d  i n  t e r m s  o f  l i p o p h i l i c i t y . .Since 
n  i s  s m a l l  (n=3) t h i s  c o n c l u s i o n  must  be  t r e a t e d  w i t h  c a u t i o n ,  
b u t  t h e r e  can  be no d o u b t  t h a t  l i p o p h i l i c i t y  i s  t h e  dom inan t  
m o l e c u l a r  p r o p e r t y  o f  t h e  6 , 8 - d i - a l k y l  chromones t h a t  
d e t e r m i n e s  t h e i r  p o t e n c i e s ,  i n  t e r m s  o f  f r e e  n o n - p r o t e i n  
bound .com pound , i n  t h e  lymph node c e l l  s y s t e m s .
The c u rv e d  form o f  t h e  s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p  
u s i n g  t h e  p o t e n c i e s  o f  t h e  6 , 8 - d i - a l k y l  s u b s t i t u t e d  chromones 
e x p r e s s e d  a s  t h e  added  chromone c o n c e n t r a t i o n ,  ( F i g u r e  4 3 ) ,  
can  a l s o  be u n d e r s t o o d  i n  t e r m s  o f  l i p o p h i l i c i t y .  I t  h a s  
b e en  shown t h a t  t h e  e x t e n t  t o  which t h e  s u b s t i t u t e d  chromones 
a r e  bound t o  serum p r o t e i n  i s  r e l a t e d  t o  t h e i r  l i p o p h i l i c i t y  -to 
some e x t e n t  ( F i g u r e  2 3 ) .  A.s t h e  i n t r i n s i c  a c t i v i t y  o f  t h e  
chromone i n c r e a s e s  w i t h  i n c r e a s i n g  l i p o p h i l i c i t y ,  t h e  
p r o p o r t i o n  o f  t h e  chromone which i s  bound t o  serum p r o t e i n s  
i n c r e a s e s ,  so t h a t  t h e  o b se rv e d  a c t i v i t y  o f  t h e  added  
chromone w i l l  n o t  i n c r e a s e  a s  r a p i d l y  a s  i t s  i n t r i n s i c  
a c t i v i t y .  The s t r u c t u r e - a c t i v i t y  d a t a  f o r  t h e  p o t e n c i e s  
o f  6 , 8 - d i - a l k y l  chromones a s  i n h i b i t o r s  o f  [ N  - l e u c i n e  
and L3h ]  - t h y m i d i n e  i n c o r p o r a t i o n  i n  t e r m s  o f  t h e  t o t a l  added 
d ru g  c o n c e n t r a t i o n  was a n a l y s e d  t h e r e f o r e  i n  a s i m i l a r  way 
t o  t h a t  f o r  t h e  f r e e  compound, p o t e n c i e s .  The f o l l o w i n g  
e q u a t i o n  f o r  i n h i b i t i o n  o f  t h e  r a t e  o f  [ 14c 
i n c o r p o r a t i o n  was o b t a i n e d :
- l e u c i n e
l o g  j  • , = 0 . 9 7 4  l o g  P °  -  0 . 0 9 7  ( l o g  P 0 ) 2 -  4 . 3 1
50% t o t a l  compound
n = 3,  r = 0 .998
~ 179 -
t
a n d  f o r  w  - t h y m i d i n e  i n c o r p o r a t i o n :
l o e  = 0 .7 7 0  l o g  P° -  0 . 0 7 0  ( l o g  P 0 ) 2 -  3 .7 8
30% t o t a l  compound
n = 3 ,  r  = 0 . 9 7 6
The m ag n i tu d e  o f  t h e  c o n s t a n t s  i n  t h e  t e rm  i n v o l v i n g  
o 2( l o g  P ) i s  g r e a t e r  t h a n  t h o s e  i n  t h e  e q u a t i o n s  f o r  t h e  
f r e e  compound p o t e n c i e s  and t h i s  r e f l e c t s  t h e  i m p o r t a n c e  o f  
p r o t e i n  b i n d i n g  (w h ich  i s  d e p e n d e n t  t o  some e x t e n t  on 
l i p o p h i l i c i t y ) ,  when t h e  p o t e n c i e s  o f  t h e  6 , 8 - d i - a l k y l  
chromones i s  c o n s i d e r e d  i n  t e rm s  o f  t h e  t o t a l  added  compound 
c o n c e n t r a t i o n .  The h i g h  c o r r e l a t i o n  c o e f f i c i e n t s  ( > 0 .9 7 )  
i n d i c a t e  t h a t  t h e  p o te n c s7- o f  t h e  compounds e x p r e s s e d  a s  t h e  
t o t a l  added compound c o n c e n t r a t i o n  i s  a l s o  c o n t r o l l e d  
d o m in a n t ly  by t h e  p h y s i c a l  p r o p e r t y  o f  l i p o p h i l i c i t y .
S i m i l a r  s t r u c t u r e - a c t i v i t y  e q u a t i o n s  were  d e r i v e d  
i n v o l v i n g  t h e  e x p e r i m e n t a l l y  measured a p p a r e n t  p a r t i t i o n  
c o e f f i c i e n t s ,  P f ( T a b l e  1 8 ) ,  T hese  were f o r  i n h i b i t i o n  
o f  t h e  r a t e  o f  h e ]  - l e u c i n e  i n c o r p o r a t i o n :
l o s  . = 0 . 6 3 6  l o g  P 1 -  0 . 5 3 6  ( l o g  P 1 ) 2 -  1 .1 8
30% f r e e  d rug n  = 3* r  = 0.99*+
l o g  4 ^  = 0.2ZA lo g  P' -  0 .5 9 2  ( l o g  P' ) 2 -  1 .8 2
' *0% t o t a l  d ru g
n  = 3 ,  r  = 0 .9 9 0  
and f o r  i n h i b i t i o n  o f  p „ ]  - t h y m i d i n e  i n c o r p o r a t i o n :
log Iv. = 0 . 5 9 5  lo g  P ’ -  O.U95 ( l o g  P’)2 - 0 .9 1 0
50* f r e e  d rug  n  = 5 ,  r  = 0 .9 8 2
l o g  fw. = 0.23i| . l o g  p.* -  0 . 5 1 8  ( l o g  P* ) 2 -  1 . 6 6
5055 t o t a l  d rug  n  = 5 ,  r  = 0 . 9 8 2 '
The c o r r e l a t i o n  c o e f f i c i e n t s  show t h a t  t h e  l i p o p h i l i c i t y  
o f  t h e  6 , 8 - d i - a l k y l  ch rom ones ,  d e te r m in e d  e x p e r i m e n t a l l y  by
t h e  a p p a r e n t  p a r t i t i o n  c o e f f i c i e n t ,  i s  dom inan t  i n  
d e t e r m i n i n g  t h e  p o t e n c i e s  o f  t h e  compounds.
The form o f  t h e  Hansch e q u a t i o n ,  which t h e  c o r r e l a t i o n  
c o e f f i c i e n t s  show t o  be  a good model d e s c r i b i n g  t h e  
r e l a t i o n s t i i p s  b e tw e e n  t h e  p o t e n c y  . o f ' 6 , 8 - d i - a l k y l  chromones 
a s  i n h i b i t o r s  o f  L ^ c ]  - l e u c i n e  and - t h y m i d i n e  
i n c o r p o r a t i o n  and t h e i r  l i p o p h i l i c i t i e s , d i c t a t e s  a  b e l l ­
shaped  s t r u c t u r e - a c t i v i t y  c u r v e .  I t  i s  p o s s i b l e  t o  
c a l c u l a t e  t h e  l i p o p h i l i c i t y  c o r r e s p o n d i n g  t o  t h e  i n f l e c t i o n  
p o i n t  o f  t h i s  b e l l - s h a p e d  c u r v e  ( l o g  P ) and h e n c e  t o
. ^
i d e n t i f y  t h e  compound h a v in g  t h i s  l i p o p h i l i c i t y  w hich  w i l l  
• be  t h e  most p o t e n t  i n h i b i t o r  o f  [ ^ c ] - l e u c i n e  and [ ^ h J - t h y m i d i n e  
i n c o r p o r a t i o n  i n  t h e  lymph node c e l l  sy s te m .  The v a l u e s  f o r  
l i p o p h i l i c i t y  d e r i v e d  from t h e  s t r u c t u r e - a c t i v i t y  c u r v e s  
i n v o l v i n g  t h e  e x p e r i m e n t a l l y  m easured  a p p a r e n t  p a r t i t i o n  
c o e f f i c i e n t s  were 0 .5 9 3  a nd 0 .2 0 6  ( [ > ]  - l e u c i n e  i n c o r p o r a t i o n ,  
f r e e  and t o t a l  compound) and 0 .6 0 1  and 0 . 2 2 6  ( J ^ h J - t h y m i d i n e  
i n c o r p o r a t i o n ,  f r e e  and  t o t a l  compound). The p a r t i t i o n  
c o e f f i c i e n t s  d e r i v e d  from t h e s e  l i p o p h i l i c i t i e s  ( l i p o p h i l i c i t y  
= lo g  P 1 ) were  3 .9 2  ( j j ^ c T j - l e u c i n e , f r e e  d r u g ) ,  1 . 6 l  ( £ ^ c ] -  
l e u c i n e ,  t o t a l  d r u g ) ,  3 . 9 9  ( - t h y m i d i n e ,  f r e e  d r u g )  and 
1 . 6 8  - t h y m i d i n e ,  t o t a l  d ru g )  r e s p e c t i v e l y .
T hese  p a r t i t i o n  c o e f f i c i e n t s  may be compared w i t h  t h e  
e x p e r i m e n t a l l y  measured  a p p a r e n t  p a r t i t i o n  c o e f f i c i e n t s  o f  
t h e  6 , 8 - d i - a l k y l  chromones ( T a b l e  1 8 ) .  The compound which  
i s  t h e o r e t i c a l l y  t h e  most p o t e n t  i n h i b i t o r  o f  t h e  r a t e s  o f  
i m -  l e u c i n e  and p n  - t h y m i d i n e  i n c o r p o r a t i o n  i n  t e r m s  o f  t h e  
t o t a l  compound would have  an  e x p e r i m e n t a l l y  m easu red  a p p a r e n t  
p a r t i t i o n  c o e f f i c i e n t  ( 1 . 6 1  and 1 .6 8  r e s p e c t i v e l y )  w hich  i s  
i n t e r m e d i a t e  be tw een  t h a t  o f  t h e  6 , 8 - d i - t - b u t y l  chromone (G .7 0 )  
and •'that^''-of^:t h e  € ^ 8 - d i - t - p e n t y l  chromone ( ^ - .6 1 ) .  The 
6 - t - b u t y l ,  8 - t - p e n t y l  chromone would have  a p a r t i t i o n -  
c o e f f i c i e n t  s i m i l a r  t o  t h i s  t h e o r e t i c a l  v a l u e  and. s h o u l d  
be  more p o t e n t  i n  t e r m s  o f  t o t a l  d ru g  a s  a n  i n h i b i t o r  o f  
J ^ c J - l e u c i n e  and Jj^h J - t h y m i d i n e  i n c o r p o r a t i o n  t h a n  e i t h e r  
o f  t h e  d i - t - b u t y l  o r  d i - t - p e n t y l  s u b s t i t u t e d  c h ro m o n e s .
T h i s  a s y m m e t r i c a l l y  s u b s t i t u t e d  chromone was n o t  a v a i l a b l e  
f o r  t e s t i n g  so t h a t  t h e  t h e o r e t i c a l  a c t i v i t y  o f  t h e  compound 
c o u ld  n o t  be c o n f i r m e d .
I n  t e r m s  o f  f r e e  n o n - p r o t e i n  bound compound t h e  
a p p a r e n t  p a r t i t i o n  c o e f f i c i e n t  o f  t h e  t h e o r e t i c a l l y  most  
p o t e n t  compound i s  3*92 f o r  PV] - l e u c i n e  i n c o r p o r a t i o n  
and 3*99 f o r  ^ I l | - t h y m i d i n e  i n c o r p o r a t i o n .  The v a l u e s  a r e  
v e r y  s i m i l a r  t o  t h e  a p p a r e n t  p a r t i t i o n  c o e f f i c i e n t  o f  t h e  
6 , 5 - d i - t - p e n t y l  chromone (I4. .6 I )  , and i n d i c a t e  t h a t  t h i s  
compound c o r r e s p o n d s  c l o s e l y  t o  t h e  t h e o r e t i c a l  compound 
which would  be t h e  most p o t e n t  i n h i b i t o r  o f  p - c ]  - l e u c i n e  
and - t h y m i d i n e  i n c o r p o r a t i o n  i n  te rm s  o f  t h e  f r e e  
n o n - p r o t e i n  bound compound.
The e f f e c t  o f  t h e  homologous s e r i e s  o f  6 , 8 - d i - a l k y l  
s u b s t i t u t e d  chromones on - t h y m i d i n e  and i > ]  -  l e u c i n e  
i n c o r p o r a t i o n  by P H A - s t im u la te d  g u i n e a - p i g  lymph node c e l l s  
c a n  be  e x p l a i n e d  i n  t e r m s  o f  t h e  m o l e c u l a r  p r o p e r t y  o f  
l i p o p h i l i c i t y .  I t  c a n n o t  be assumed t h a t  t h e  e f f e c t  o f  
o t h e r  compounds, o f  d i s p a r a t e  s t r u c t u r e  and d i f f e r i n g  
a b i l i t y  t o  b in d  t o  serum p r o t e i n s ,  on t h e  s y n t h e t i c  
a c t i v i t i e s  o f  lymph node c e l l s  c a n  be  e x p l a i n e d  s i m i l a r l y .  
However t h e  d o s e - r e s p o n s e  c u r v e s  f o r  i n h i b i t i o n  o f ,  f o r  
e x am p le ,  P h]  - t h y m i d i n e  i n c o r p o r a t i o n ,  by most o f  t h e  
compounds t e s t e d  w e re ,  w i t h  t h e  e x c e p t i o n  o f  c h l o r o g u i n e  
and  p r e d n i s o l o n e ,  o f  s i m i l a r  s l o p e  t o  t h o s e  o f  t h e
6 , 8 - d i - a l k y l  s u b s t i t u t e d  ch rom ones ,  i n d i c a t i n g  a s i m i l a r  
mechanism o f  a c t i o n .  F u r t h e r m o r e ,  most o f  t h e  compounds 
t e s t e d  ( e s t a b l i s h e d  a n t i - i n f l a m m a t o r y  d ru g s  and chromone 
compounds) were m onobas ic  a c i d s ,  and many a r e  known t o  be  
bound t o  serum p r o t e i n s  t o  some e x t e n t .  T hese  s i m i l a r i t i e s  
s u g g e s t  t h a t  t h e  p o t e n c i e s  o f  t h e  m a j o r i t y  o f  t h e  compounds 
t e s t e d  co u ld  be r e l a t e d  t o  t h e i r  l i p o p h i l i c i t i e s ,  i n  a  
s i m i l a r  manner t o  t h a t  shown f o r  t h e  6 , 8 - d i - a l k y l  ch ro m o n e s .
6*U RELATIONSHIP BETYMFN THE EFFECT OF
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INFLAMMATORY DRUGS
F o rb e s  and Sm ith  (1967)  r e p o r t e d  t h a t  a n t i - i n f l a m m a t o r y
d r u g s  i n h i b i t e d  t h e  r a t e  o f  PV) - l e u c i n e  i n c o r p o r a t i o n  by
human ly m p h o c y te s  i n  v i t r o . F o r b e s  and Smith  s u g g e s t e d
t h a t  t h e  s t u d y  o f  t h e  e f f e c t  o f  compounds on t h e  r a t e s  o f  
m .  1
‘NSj - l e u c i n e  i n c o r p o r a t i o n  by  human ly m p ho cy tes  m ig h t  be a 
u s e f u l  i n  v i t r o  s c r e e n i n g  sy s tem  f o r  t h e  d e t e c t i o n  o f  
a n t i - i n f l a m m a t o r y  d r u g s .  The number o f  i n  v i t r o  sy s te m s  
i n  which known a n t i - i n f l a m m a t o r y  d ru g s  have  an  e f f e c t  i s  
l a r g e  ( H i c h e n s ,  197U ) , and many o f  t h e s e  have  b e en  s u g g e s t e d  
. t o  be  v a l u a b l e  a s ,  o r  in d e e d  h ave  b een  used a s ,  s c r e e n i n g  
s y s t e m s .  Examples o f  su c h  sy s te m s  a r e  h e a t  d e n a t u r a t i o n  
o f  p r o t e i n ,  Mizushima T e s t  (M izush im a ,  196>±), t h e  r e a c t i o n  
be tw ee n  t r i n i t r o b e n z a l d e h y d e  and a lb u m in  (S'kwtaor* an4WViifc£housej 
and s u l p h y d r y l  exchange  r e a c t i o n  ( G e r b e r  e t  a l , 1 9 6 7 ) ,  h y p o t o n i c  
e r y t h r o c y t e  h a e m o ly s i s  ( i n g l o t  and T o ln a ,  1968 ) ,  p l a t e l e t  
a g g r e g a t i o n  (C’ B r i e n ,  1968 ) and s t a b i l i z a t i o n  o f  i s o l a t e d  
ly sosom es  ( i g n a r r o ,  1 9 7 2 ) .  - A d d i t io n a l  sy s te m s  a r e  t h e  
i n c o r p o r a t i o n  o f  - s u l p h a t e  by  c o n n e c t i v e  t i s s u e
( B ro s t ro m  e t  a l , 196b ) ,  h i s t i d i n e  d e c a r b o x y l a s e  (S k id m o re  
and YThitehouse, 1966 ) and p r o s t a g l a n d i n  s y n t h e t a s e  (V ane ,  1 9 7 1 ) .
The r a t i o n a l e  f o r  many o f  t h e  a n t i - i n f l a m m a t o r y  d r u g s  
s c r e e n s  l i s t e d  above i s  m a in ly  t h a t  t h e  d ru g s  a t  p r e s e n t  
u se d  i n  t h e  c l i n i c  f o r  t r e a t m e n t  o f  i n f l a m m a t i o n  a r e  a c t i v e  
i n  t h e  p a r t i c u l a r  t e s t .  The c o n n e c t i o n  be tw een  t h e s e  
t e s t s  and t h e  p r o c e s s e s  o c c u r r i n g  d u r i n g  i n f l a m m a t i o n ,  
e s p e c i a l l y  c h r o n i c  i n f l a m m a t i o n ,  i s  e x t r e m e l y  t e n u o u s  ( f o r  
e x am p le ,  i n h i b i t i o n  o f  h i s t i d i n e  d e c a r b o x y l a s e )  o r  i s  
n o n - e x i s t e n t  ( h e a t  d e n a t u r a t i o n  o f  p r o t e i n ) .  F o r  o t h e r  
t e s t s  a  s t r o n g e r  c o n n e c t i o n  can  be a r g u e d ,  f o r  exam ple  
s o l u b l e  ly s o s o m a l  enzymes a r e  p r e s e n t  a t  i n f l a m m a t o r y  s i t e s
( C a y g i l l  and P i t k e a t h y ,  1 9 6 6 ) ,  and can  c a u s e  t i s s u e  
b reakdown and i n f l a m m a t i o n  (Weissmarm e t  a l , 1 9 6 9 ) . The 
lysosom e membrane s t a b i l i z a t i o n  t e s t  can  t h e r e f o r e  be  
j u s t i f i e d  a s  a model o f  a p r o c e s s  which o c c u r s  i n  
i n f l a m m a t i o n .  The in f l a m m a to r y  p r o c e s s  i n ,  f o r  e x a m p le ,  
r h e u m a to id  a r t h r i t i s ,  i s  i n c o m p l e t e l y  u n d e r s t o o d .  Hence 
t h e  i m p o r t a n c e  o f  ly s o s o m e - m e d ia t e a  t i s s u e  damage,  compared 
w i t h  t h a t  o f  o t h e r  i n f l a m m a to r y  p r o c e s s e s  i s  n o t  y e t  known, 
a l t h o u g h  i t  i s  b e l i e v e d  t o  be c o n s i d e r a b l e .  I t  i s  t h e r e f o r e  
d i f f i c u l t  t o  a s s e s s  t h e  v a l u e  o f  lysosom e membrane 
s t a b i l i z a t i o n  by a d rug  a s  an  i n d i c a t o r  o f  t h e  d r u g ’ s 
p o t e n c y  as  an  i n h i b i t o r  o f  i n f l a m m a t i o n  i n  man. S i m i l a r  
d o u b t s  and r e s e r v a t i o n s  a p p ly  t o  t h e  o t h e r  i n  v i t r o  s c r e e n s  
f o r  a n t i - i n f l a m m a t o r y  d r u g s .
The  a t t r a c t i o n  t o  t h e  p h a r m a c e u t i c a l  i n d u s t r y  o f  
i n  v i t r o  sy s te m s  i s  t h e  e a s e  and spe ed  w i t h  which t h e y  c a n  
b e  p e r f o r m e d .  The s m a l l  amount o f  compound r e q u i r e d  i s  
. a l s o  i m p o r t a n t ,  i n  c o n t r a s t  t o  i n  v iv o  t e s t s ,  s u c h  a s  r a t  
a d j u v a n t  a r t h r i t i s  (Newbould*1963 ) which need l a r g e  
q u a n t i t i e s  o f  compounds and r e q u i r e  much m an-power ,  a n im a l  
h o l d i n g  space  and l a r g e  numbers o f  a n i m a l s .
Many i n  v i v o  a n im a l  models have  been  u sed  i n  t h e  s e a r c h  
f o r  a n t i - i n f l a m m a t o r y  d r u g s .  T h ese  c a n  be d i v i d e d  i n t o  
two g r o u p s :  t h e  models  o f  a c u t e  i n f l a m m a t i o n  and t h o s e  which  
mimic c h r o n i c  i n f l a m m a t i o n .  The s h o r t - l i v e d  i n f l a m m a t i o n  
In d u c e d  i n  t h e  paws, o f  r a t s  by i n j e c t i o n  o f  c a r r a g e e n i n  
( W i n t e r  e t  a l , 1962 ) o r  k a o l i n  ( H i l l e b r e c h t , 195U) o r  t h e  
e ry th e m a  c a u se d  on t h e  shaved  b ack s  o f  g u i n e a - p i g s  by 
u l t r a v i o l e t  l i g h t  (VALlhelmi, 1 9 5 0 ) ,  a r e  exam ples  o f  t h e  
f i r s t  g r o u p .  The c a r r a g e e n i n  oedema t e s t  i s  p r o b a b l y  t h e  
m ost  commonly u s e d .  T hese  a n im a l  t e s t s  l a c k  t h e  c h r o n i c  
and p r o g r e s s i v e  n a t u r e  which  i s  found  i n  many human 
I n f l a m m a t o r y  c o n d i t i o n s ,  f o r  example  rh e u m a to id  a r t h r i t i s .
I n  answ er  t o  t h e  c r i t i c i s m  t h a t  t h e  c h r o n i c  t e s t s  
l i s t e d  were n o t  good models f o r  p e r s i s t e n t  human i n f l a m m a t i o n ,  
l o n g e r - t e r m  a n im a l  models were d e v e l o p e d .  Examples o f  t h e s e
c h r o n i c  t e s t s  a r e  r a t  a d j u v a n t  a r t h r i t i s  (iTewbould, 1 963 ) 
and r a b b i t  immune s y n o v i t i s  (W epsic  and H o l l i n g w o r t h ,  1 9 6 8 ) .  
T hese  two a n im a l  models i n v o l v e  immune p r o c e s s e s  which  may 
be  i m p o r t a n t  i n  human rh e u m a to id  a r t h r i t i s  ( M e s s n e r ,  197k ) . 
R a t  a d j u v a n t  a r t h r i t i s  i s  t h e  most  commonly u sed  model  o f  
c h r o n i c  i n f l a m m a t i o n .  E v idence  i s  a v a i l a b l e  t h a t  Type ^ 
immune r e a c t i v i t y  i s  i n v o lv e d  i n  t h i s  model (W h i te h o u s e  and 
W h i t e h o u s e ,  1968 ) .
D i f f e r e n c e s  i n  t h e  m e tab o l i sm  o f  d r u g s  i n  l a b o r a t o r y
a n im a l s  and man may a f f e c t  t h e  i n t e r p r e t a t i o n  o f  d ru g
a c t i v i t i e s  o b t a i n e d  i n  a n im a l  models  and t h e  r e l e v a n c e  o f
t h e s e  r e s u l t s  t o  man. I t  i s  known, f o r  ex am p le ,  t h a t
p h e n y lb u t a z o n e  h a s  an  u n u s u a l l y  lo n g  h a l f - l i f e  i n  man
compared to  t h e  r a t  ( T i ,  r a t  = 6 h . ,  Ti_, man = 7 2 h . ,  B u rn s  
. 2 2
e t  a l , 1953 ) and t h i s  may i n c r e a s e  t h e  p o t e n c y  o f
p h e n y lb u t a z o n e  i n  man compared t o  t h a t  i n  t h e  r a t .  I n  v i t r o
models  o f  i n f l a m m a t i o n  o f t e n  i n v o l v e  c o n s i d e r a b l e  p a i n  t o
t h e  a n im a l s  u se d  and a r e  u n a t t r a c t i v e  t o  many b e c a u s e  o f  t h i
1
I n  summary, b o t h  i n  v i t r o  and i n  v i v o  s c r e e n s  f o r  
a n t i - i n f l a m m a t o r y  a c t i v i t y  have  d i s a d v a n t a g e s .  T h e re  i s  
n o ' s i n g l e  t e s t  which  i s  c o m p l e t e l y  s a t i s f a c t o r y .  I t  i s  
p o s s i b l e  t h a t  t h e  s i m u l t a n e o u s  u se  o f  a b a t t e r y  o f  t h e s e  
t e s t s  and i n t e r p r e t a t i o n  o f  t h e  r e s u l t s  t o g e t h e r  may 
e l i m i n a t e  t h e  w eak nesses  o f  a  g i v e n  t e s t  and be  t h e  b e s t  
method f o r  t h e  d e t e c t i o n  o f  new compounds.
The i n i t i a l  o b j e c t i v e s  o f  t h e  work d e s c r i b e d  i n  t h i s  
t h e s i s  was t o  c o n f i r m  t h a t  a n t i - i n f l a m m a t o r y  d r u g s  do a f f e c t  
t h e  s y n t h e t i c  a c t i v i t i e s  o f  g u i n e a - p i g  lymph node c e l l s  
i n  v i t r o  and t o  v a l i d a t e  t h e  sy s te m  as  a s c r e e n  f o r  t h e  
d e t e c t i o n  o f  a n t i - i n f l a m m a t o r y  d r u g s .  To v a l i d a t e  a new 
s c r e e n i n g  sy s tem  i t  i s  n e c e s s a r y  t o  show t h a t  t h e  o r d e r  o f  
d ru g  p o t e n c y  i n  t h e  s c r e e n  i s  s i m i l a r  t o  t h a t  o f  t h e  
t h e r a p e u t i c  p o t e n c i e s  o f  t h e  d r u g s  i n  t h e  human d i s e a s e  
and l e s s  i m p o r t a n t l y  i n  o t h e r  s c r e e n i n g  p r o c e d u r e s  which 
a r e  a c c e p t e d  t o  be o f  v a l u e  and a r e  i n  common u s e .
The b e s t  v a l i d a t i o n  o f  a s c r e e n i n g  t e s t  i s  t h e  
d e t e c t i o n  o f  a n o v e l  compound which i s  found l a t e r  t o  be 
t h e r a p e u t i c a l l y  a c t i v e  i n  man. The number o f  s c r e e n s  f o r  
a n t i - i n f l a m m a t o r y  d r u g s ,  o f  t h e  many m en t ioned  i n  t h e  • 
l i t e r a t u r e ,  t h a t  have  b e e n  v a l i d a t e d  i n  t h i s  way i s  s m a l l .
I t  h a s  b e e n  s u g g e s t e d  by  p a u l u s  and W h i teh o u se  (1972)  
t h a t  t h e  c u r r e n t  a p p ro ach  t o  t h e  d e t e c t i o n  o f  a n t i - i n f l a m m a t o r  
d r u g s ,  u s i n g  t h e  e s t a b l i s h e d  a n t i - i n f l a m m a t o r y  d r u g s  
( s a l i c y l a t e ,  p h e n y l b u t a z o n e ,.  i n d o m e t h a e i n ,  e t c . )  a s  s t a n d a r d s  
i s  f u n d a m e n t a l l y  wrong;  t h a t  o n ly  d ru g s  w i t h  s i m i l a r  
a c t i v i t i e s  t o  t h e  e s t a b l i s h e d  d r u g s  w i l l  be s e l e c t e d ,  and 
t h a t  s i n c e  t h e s e  d r u g s  o n ly  a f f e c t  t h e  symptom r a t h e r  t h a n  
t h e  b a s i c  u n d e r l y i n g  and i n i t i a t i n g  p r o c e s s  o f  t h e  
i n f l a m m a t i o n ,  f o r  example i n  r h e u m a to id  a r t h r i t i s ,  e f f o r t  
sh o u ld  be d i r e c t e d  to w a rd s  d e v e l o p i n g  new models  o f  
i n f l a m m a t i o n .  T hese  sh o u ld  be more r e l e v a n t  t o  t h e  
i n i t i a t i n g  and u n d e r l y i n g  p a t h o l o g y .  I t  i s  p o s s i b l e  
.however t h a t  e s t a b l i s h e d  d r u g s  w i l l  n o t  be a c t i v e  i n  t h e s e  
new m od e ls .  G r e a t e r  u n d e r s t a n d i n g - o f  t h e  p a t h o l o g y  o f  
i n f l a m m a t i o n ,  f o r  example  rh e u m a to id  a r t h r i t i s ,  i s  n e c e s s a r y  
b e f o r e  t h e  new-models  can  be d e v e l o p e d .
I n  t h e  a b s e n c e  o f  t h e  s u p e r i o r  (and  a t  p r e s e n t  
h y p o t h e t i c a l )  m odels  d e s c r i b e d  by  P a u l u s  and -T i i t e h o u se  
i t  i s  n e c e s s a r y ,  i n  o r d e r  t o  v a l i d a t e  t h e  lymph node c e l l  
s y s t e m ,  t o  compare t h e  e f f e c t  o f  compounds i n  t h i s  sy s te m  
w i t h  t h e i r  e f f e c t s  i n  t h e  o t h e r  s c r e e n i n g  sy s te m s  which  
a r e  a t  p r e s e n t  i n  u s e .  I n  t h e  f o l l o w i n g  s e c t i o n s  t h e  
i n h i b i t o r y  e f f e c t s  o f  s t a n d a r d  a n t i - i n f l a m m a t o r y  d r u g s  and 
n o v e l  chromone compounds on t h e  s y n t h e t i c  p r o c e s s e s  o f  
P H A - s t im u la te d  g u i n e a - p i g  lymph node c e l l s  a r e  compared  
w i t h  t h e  e f f e c t s  o f  t h e  compounds on v a r i o u s  o t h e r  i n  v i t r o  
and, i n  v iv o  t e s t  s y s t e m s .  •
6 * 4 ° 1  E f f e c t  O f  C om p ou n d s  On PITA A n d  P r o t e i n  S y n t h e s i s
By PH A -S t im u la ted  G u in e a - P ig  Lymph Node C e l l s .
The S u lp hy d ry 1 -E x ch an g e  R e a c t i o n ,  And H y p o to n ic
H a em o ly s i s  o f  E r y t h r o c y t e s
The s u l p h y d r y l - e x c h a n g e  r e a c t i o n  and h y p o t o n i c  h a e m o ly s i s  
o f  e r y t h r o c y t e s  a r e  f r e q u e n t l y  m en t ioned  i n  t h e  l i t e r a t u r e  a s  
i n d i c a t o r s  o f  a n t i - i n f l a m m a t o r y  a c t i o n .  I t  i s  known t h a t  
t h e  SH -  SS r e d o x  sy s te m  i s  changed i n  c e r t a i n  i n f l a m m a to r y  
s t a t e s ,  f o r  example r a t  a d j u v a n t  a r t h r i t i s  ( B u t l e r  e t  a l , 1969) 
and rh e u m a to id  a r t h r i t i s  i n  man (Chayen and B i t e n s k y ,  1 9 7 1 ) .  
S u l p h y d r y l  group s u b s t a n c e s ,  su ch  a s  c y s t e i n e ,  w i l l  i n h i b i t  
t h e  a n t i - i n f l a m m a t o r y  a c t i o n  o f  in d o r a e th a e in  and 
a c e t y l s a l i c y l i c  a c i d ,  b u t  a  d i r e c t  and c a u s a l  r e l a t i o n s h i p  
b e tw e e n  t h e  e f f e c t  o f  compounds on t h e  s u l p h y d r y l - e x c h a n g e  
r e a c t i o n  and t h e i r  a n t i - i n f l a m m a t o r y  a c t i o n  i n  man c a n n o t  
y e t  be j u s t i f i e d .  The s t r o n g  c o r r e l a t i o n  b e tw ee n  e f f e c t  
o f  compounds on t h e  s u l p h y d r y l - e x c h a n g e  r e a c t i o n  and a n t i ­
in f l a m m a to r y  a c t i o n  ho w ever ,  s u g g e s t s  t h a t  t h e  s u l p h y d r y l -  
exchange  r e a c t i o n  does  have  some v a l u e  as  a  p r e d i c t i v e  
s c r e e n  f o r  a n t i - i n f l a m m a t o r y  a c t i o n  ( G r a n t  e t  a l , 1 9 7 1 ) .
The e f f e c t  o f  compounds on h y p o t o n i c  e r y t h r o c y t e  
h a e m o ly s i s  may be r e l a t e d  t o  s t a b i l i z a t i o n  o f  p r o t e i n  
(Mizushima and S a k a i ,  1969) o r  t o  t h e i r  membrane s t a b i l i z i n g  
p r o p e r t i e s ,  f o r  example  t h a t  o f  t h e  l y so so m e .  The r o l e  o f  
l y s c s o m e - m e d ia te d  damage i n  i n f l a m m a t i o n  i s  w e l l  e s t a b l i s h e d  
(Chayen and B i t e n s k y ,  1 9 7 1 ) ,  so i t  i s  p o s s i b l e  t o  a c c e p t  
t h a t  compounds which do s t a b i l i z e  c e l l  membranes w i l l  p o s s e s s  
a n t i - i n f l a m m a t o r y  a c t i o n ,  when ly s o s o m e - m e d ia t e d  damage i s  
i n v o l v e d .  The membrane s t a b i l i z i n g  e f f e c t  o f  many compounds 
i s  b i p h a s i c .  At h ig h  c o n c e n t r a t i o n  t h e  compound, f o r  
example  a  s t e r o i d ,  i s  l y t i c  b u t  a t  lo w e r  c o n c e n t r a t i o n s  t h e  
comp'ound s t a b i l i z e s  t h e  membrane (W eissmann,  1969 ) .  T h i s  
b i p h a s i c  e f f e c t  was s e e n  w i t h  one o f  t h e  compounds,  
c h l o r o q u i n e ,  t e s t e d  on e r y t h r o c y t e  haemolysis  ( T a b l e  2 7 ) .
The s u l p h y d r y l - e x c h a n g e  r e a c t i o n  and e r y t h r o c y t e  h a e m o l y s i s  
d a t a  i n  T a b le  27 was d e t e r m i n e d  by o t h e r  c o l l e a g u e s  a t  
F i s o n s  L t d .  I  would l i k e  t o  t h a n k  p a r t i c u l a r l y  D r s .  D.H. H a l l  
and J .  Mann. .
T a b le  27 shows t h a t  t h e r e  was c o n s i d e r a b l e  s i m i l a r i t y  
b e tw e e n  t h e  e f f e c t  o f  compounds on t h e  s y n t h e t i c  a c t i v i t i e s  
o f  g u i n e a - p i g  lymph node c e l l s  and t h e  s u l p h y d r y l - e x c h a n g e  
r e a c t i o n .  The o r d e r  o f  p o t e n c y  o f  t h e  a c i d i c  n o n - s t e r o i d a l  
a n t i - i n f l a m m a t o r y  d r u g s ,  sodium s a l i c y l a t e ,  i b u p r o f e n ,  
p h e n y lb u t a z o n e  and i n d o m e t h a c in  and f l u f e n a m i c  a c i d ,  was 
i d e n t i c a l  i n  b o t h  t e s t s .  C h l o r o q u in e  w as ,  h o w e v e r ,  i n a c t i v e  
i n  t h e  s u l p h y d r y l - e x c h a n g e  r e a c t i o n ,  w hereas  i t  was 
e x t r e m e l y  p o t e n t  a s  a n  i n h i b i t o r  o f  P h ] - t h y m i d i n e  and
- l e u c i n e  i n c o r p o r a t i o n  by  g u i n e a - p i g  lymph node c e l l s .
The a n t i - a l l e r g i c  compound FPL50670, d i so d iu m  c r o m o g l y c a t e ,  
was o f  low p o te n c y  i n  b o t h  t e s t s .  The o r d e r  o f  p o t e n c y  o f  
t h e  6 , 8 - d i - a l k y l  s u b s t i t u t e d  chromones FPL52839? 55585?
55689? 52806  and 56220 ( h y d r o g e n ,  m e t h y l ,  e t h y l ,  n - p r o p y l ,  
t - b u t y l  and t - p e n t y l  r e s p e c t i v e l y )  v/as b r o a d l y  s i m i l a r  i n  
t h e  lymph node c e l l  sy s te m s  and s u l p h y d r y l - e x c h a n g e  r e a c t i o n ,  
th o u g h  t h e  d i ~ t - p e n t y l  s u b s t i t u t e d  chromone (FPL5622C) v/as 
l e s s  a c t i v e  i n  t h e  s u l p h y d r y l - e x c h a n g e  r e a c t i o n  t h a n  t h e  
d i - t - b u t y l  s u b s t i t u t e d  chromone (FPL52806) .  The r e v e r s e  
was t h e  c a s e  v / i th  t h e  lymph node c e l l  s y s t e m s ,  t h e  d i - t - p e n t y l  
s u b s t i t u t e d  chromone v/as more a c t i v e  t h a n  t h e  d i - t ~ b u t y l  
s u b s t i t u t e d  chromone.  The a c t i v i t y  o f  t h e  o t h e r  chromones 
FPL56112, 55618,  56294 ,  55990 and 52816 o f  m i s c e l l a n e o u s  
s u b s t i t u t e  g r o u p i n g  and p o s i t i o n  o f  s u b s t i t u e n t s  t e s t e d  i n  
t h e  lymph node sy s te m s  d i d  n o t  c o r r e s p o n d  m ark e d ly  w i t h  
t h e i r  a c t i v i t y  i n  t h e  s u l p h y d r y l - e x c h a n g e  r e a c t i o n .
The a c t i v i t y  o f  6 , 8 - d i - a l k y l  chromones and e s t a b l i s h e d  
a n t i - i n f l a m m a t o r y  d rug  i n  t h e  tv/o t e s t s  a g r e e d  w e l l ,  w i t h  
t h e  e x c e p t i o n  o f  c h l o r o q u i n e  which was i n a c t i v e  i n  t h e  
s u l p h y d r y l - e x c h a n g e  r e a c t i o n .  C h l o r o q u in e  i s  a n  a n t i - r h e u m a t i c  
a n t i - i n f l a m m a t o r y  a g e n t  ( D u t h r i e ,  1971) and t h i s  s u g g e s t s  
t h a t  t h e  lymph node c e l l  system- i s  b e t t e r  t h a n  t h e  
s u l p h y d r y l - e x c h a n g e  r e a c t i o n  a t  d e t e c t i n g  c h l o r o q u i n e - l i k e  
a c t i v i t y .
The r e s u l t s  o f  a  f u r t h e r  i n  v i t r o  t e s t ,  t h e  h y p o t o n i c  
e r y t h r o c y t e  h a e m o ly s i s  t e s t ,  u s i n g  10 ,  ICO and ICCO/M compound 
a r e  shown a l s o  i n  T a b le  27 .  The a c i d i c  n o n - s t e r o i d a l
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a n t i - i n f l a m m a t o r y  d r a g s  had a s i m i l a r  o r d e r  o f  p o t e n c y  i n  
t h e  lymph node  c e l l  sy s te m s  and e r y t h r o c y t e  h a e m o ly s i s  
t e s t s ,  t h o u g h  i b u p r o f e n  was more a c t i v e  t h a n  p h e n y lb u t a z o n e  
i n  t h e  e r y t h r o c y t e  h a e m o ly s i s  i n  c o n t r a s t  t o  t h e  r e v e r s e  
o r d e r  w i t h  t h e  lymph node c e l l  s y s t e m s .  Both  p r e d n i s o l o n e  
and c h l o r o q u i n e  were a c t i v e  i n  t h e  e r y t h r o c y t e  h a e m o l y s i s  
t e s t ,  b u t  w h i l e  p r e d n i s o l o n e  was v e r y  p o t e n t  i n  b o t h  t h e  
e r y t h r o c y t e  h a e m o ly s i s  t e s t s  and lymph node c e l l  sy s te m s  
t h e  p o t e n c y  o f  c h l o r o q u i n e  was weak i n  e r y t h r o c y t e  h a e m o l y s i s  
i n  c o n t r a s t  t o  i t s  v e r y  g r e a t  p o t e n c y  i n  t h e  lymph node c e l l  
s y s t e m s .
The o r d e r  o f  a c t i v i t i e s  o f  t h e  6 , 8 - d i - a l k y l  s u b s t i t u t e d  
chromones was v e r y  s i m i l a r  i n  b o t h  t h e  e r y t h r o c y t e  h a e m o l y s i s  
and lymph node c e l l  s y s t e m s ,  t h e  l a r g e r  t h e  s i z e  o f  t h e  
s u b s t i t u e n t s  t h e  more p o t e n t  t h e  compound v/as a s  a n  i n h i b i t o r  
o f  t h e  s y n t h e t i c  p r o c e s s e s  o f  lymph node c e l l s ,  o r  as  an  
i n h i b i t o r  o f  e r y t h r o c y t e  h a e m o l y s i s .  FPL50670, d i s o d i u m  
q r o m o g l y c a t e , was o f  low p o t e n c y  i n  b o t h  t h e  lymph node 
and e r y t h r o c y t e  h a e m o ly s i s  s y s t e m s .  The a c t i v i t y  o f  o t h e r  
chromones t e s t e d  i n  t h e  e r y t h r o c y t e  h a e m o ly s i s  s y s te m  was 
s i m i l a r  t o  t h e i r  o r d e r  o f  a c t i v i t y  i n  t h e  lymph node s y s t e m ,  
f o r  example  FPL56112, 55618 and 55990 (ICO/M) c a u s e d  5? 17 
and 6cf} i n h i b i t i o n  o f  h a e m o ly s i s  and t h e i r  p o t e n c i e s ,  a s  t h e  
compound c o n c e n t r a t i o n  c a u s i n g  50/o i n h i b i t i o n  o f  t h e  r a t e  
o f  P l i ]  - t h y m i d i n e  i n c o r p o r a t i o n  i n  t h e  lymph node c e l l  
s y s t e m ,  v/as l\D0, 200 and 70/M r e s p e c t i v e l y .
The r e s u l t s  p r e s e n t e d  i n  T ab le  27 show c o n s i d e r a b l e  
s i m i l a r i t i e s  b e tw een  t h e  t h r e e  i n  v i t r o  t e s t  s y s t e m s .  The 
l i p o p h i l i c i t y  o f  t h e  6 , 8 - d i - a l k y l  s u b s t i t u t e d  chromone 
c o n t r o l s  t h e i r  p o t e n c i e s  i n  t h e  lymph node c e l l  s y s t e m .  I t  
I s  s u g g e s t e d  t h a t  l i p o p h i l i c i t y  h a s  a s i m i l a r  i m p o r t a n c e  
i n  t h e  s u l p h y d r y l - e x c h a n g e  and e r y t h r o c y t e  h a e m o ly s i s  t e s t s ,  
a t  l e a s t  f o r  t h e  6 , 8 - d i - a l k y l  s u b s t i t u t e d  ch rom on es .  The 
low p o te n c y  o f  c h l o r o q u i n e  i n  t h e  s u l p h y d r y l - e x c h a n g e  and 
e r y t h r o c y t e  h a e m o ly s i s  t e s t s  c o n t r a s t s  g r e a t l y  w i t h  t h e  
v e r y  h i g h  p o t e n c y  o f  t h e  compound i n  t h e  lymph node c e l l  
s y s te m .  T h i s  s u g g e s t s  t h a t  t h e  lymph node c e l l  s y s t e m  i s
v a  b e t t e r  s c r e e n  f o r  a n t i - r h e u m a t i c  a n t i - i n f l a m m a t o r y  
compounds t h a n  t h e  s u l p h y d r y l - e x c h a n g e  o r  e r y t h r o c y t e  
h a e m o l y s i s  t e s t s .  '
6• 4• 2 E f f e c t  Of Compounds On DNA And P r o t e i n  S y n t h e s i s
By P H A -S t im u la ted  G u i n e a - p i g  Lymph I'ode C e l l s ,  
E a t  A d ju v a n t  A r t h r i t i s ,  B a t  C a r r a g e e n i n  Oedema 
and E a t  P a s s i v e  C u tan e o u s  A n a p h y l a x i s
I n  t h e  p r e v i o u s  s e c t i o n  t h e  s i m i l a r i t i e s  o f  t h e  e f f e c t s  
o f  e s t a b l i s h e d  a n t i - i n f l a m m a t o r y  d r u g s  and n o v e l  chromones 
on t h e  r a t e s  o f  p H ]  - t h y m i d i n e  and P M  - l e u c i n e  i n c o r p o r a t i o n  
by  P H A -s t im u la te d  lymph node c e l l s ,  and t h e i r  e f f e c t s  on two 
i n  v i t r o  s c r e e n s  f o r  a n t i - i n f l a m m a t o r y  a c t i v i t y ,  were  
d e s c r i b e d .  The a g re e m e n ts  b e tw ee n  t h e  t h r e e  i n  v i t r o  t e s t s  
v/as n o t  c o m p l e t e ,  how ever ;  t h e  s u l p h y d r y l - e x c h a n g e  and 
e r y t h r o c y t e  h a e m o l y s i s  t e s t s  u n d e r e s t i m a t e d  t h e  p o t e n c y  o f  
t h e  a n t i - r h e u m a t i c  a n t i - m a l a r i a l  compound c h l o r o q u i n e  
compared w i t h  i t s  h i g h  p o t e n c y  i n  t h e  lymph node c e l l  s y s t e m .  
I n  t h i s  s e c t i o n  t h e  e f f e c t s  o f  compounds on t h e  lymph node 
c e l l  sy s te m s  and t h e  e f f e c t  o f  some o f  t h e  compounds on two 
i n  v i v o  a n t i - i n f l a m m a t o r y  s c r e e n s ,  r a t  a d j u v a n t  a r t h r i t i s  
(Newbould ,  1563) and r a t  c a r r a g e e n i n  oedema ( W i n t e r , ■1962) ,  
a r e  compared (Table  2 8 ) .  The e f f e c t  o f  chromones  on a t e s t  
f o r  a n t i - a l l e r g i c  a c t i v i t y ,  t h e  r a t  i n t r a v e n o u s  p a s s i v e  
c u t a n e o u s  a n a p h y l a x i s  t e s t ,  PCA, (Goose  and B l a i r ,  1 9 6 8 ) ,  
i s  a l s o  shown i n  T a b le  2 8 .  The r a t  a d j u v a n t  a r t h r i t i s ,  
c a r r a g e e n i n  oedema, and r a t  p a s s i v e  c u t a n e o u s  a n a p h y l a x i s  
d a t a  i n  T a b le  28 was d e t e r m i n e d  by o t h e r  c o l l e a g u e s  a t  
F i s o n s  L t d .  I  would l i k e  t o  t h a n k  e s p e c i a l l y  M r .H o R a d z iv o n ik  
and M r .H .C a i r n s .
The o r d e r  o f  p o t e n c y  o f  t h e  a c i d i c  n o n - s t e r o i d a l  
a n t i - i n f l a m m a t o r y  a g e n t s  i b u p r o f e n ,  p h e n y lb u t a z o n e  and 
f l u f e n a m i c  a c i d  was s i m i l a r  i n  t h e  lymph node c e l l  s y s te m  
and t h e  r a t  a d j u v a n t  a r t h r i t i s  t e s t .  P r e d n i s o l o n e  was 
more a c t i v e  t h a n  t h e s e  t h r e e  a c i d i c  n o n - s t e r o i d a l  
a n t i - i n f l a m m a t o r y  d r u g s  i n  b o th  t e s t s ,  b u t  t h e  p o t e n c y
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d i f f e r e n c e  v/as g r e a t e r  i n  t h e  lymph node c e l l  t e s t  t o  t h a t  
i n  t h e  a d j u v a n t  a r t h r i t i s  t e s t .  C h l o r o q u in e  was a c t i v e  i n  
b o t h  t e s t s ,  h u t  i t  v/as l e s s  a c t i v e  i n  a d j u v a n t  a r t h r i t i s  
t h a n  i b u p r o f e n ,  w h e re a s  i t  v/as t h e  most a c t i v e  a n t i - i n f l a m m a t o r y  
a g e n t  i n  t h e  lymph node c e l l  t e s t .  A s i m i l a r  d i f f e r e n c e  was 
s e e n  i n  t h e  a c t i v i t y  o f  i n d o m e t h a c i n ,  which  was t h e  most 
a c t i v e  compound t e s t e d  i n  t h e  r a t  a d j u v a n t  a r t h r i t i s  t e s t ,  
c o n s i d e r a b l y  more a c t i v e  t h a n  p r e d n i s o l o n e ,  b u t  was o n l y  
a s  a c t i v e  a s  p h e n y l b u t a z o n e  i n  t h e  lymph node c e l l  t e s t *
The o n ly  chrom one,  PPL52806,  f o r  which a  p r e c i s e  r e s u l t  
was a v a i l a b l e ,  v/as o f  v e r y  low p o t e n c y  i n  t h e  r a t  a d j u v a n t  
a r t h r i t i s  t e s t ,  b u t  v/as more p o t e n t  t h a n  f l u f e n a m i c  a c i d  
i n  t h e  lymph node c e l l  s y s t e m ,  t h o u g h  l e s s  p o t e n t  t h a n  
p r e d n i s o l o n e  and c h l o r o q u i n e .
I n  t h e  r a t  c a r r a g e e n i n  oedema t e s t  p r e d n i s o l o n e  /was 
r e l a t i v e l y  i n a c t i v e  ( I D 1 7 0 m g / k g )  compared w i t h  i t s  h i g h  
p o t e n c y  i n  t h e  lymph node c e l l  s y s te m  and a d j u v a n t  a r t h r i t i s  
( I D ^ C?= 5 .2 m g /k g ) .  C h l o r o q u in e  was h i g h l y  a c t i v e  i n  t h eZkj/O
c a r r a g e e n i n  oedema t e s t  ( ID ^ qcs^  2 0i|.mg/kg) a s  i t  was i n  t h e  
lymph node c e l l  s y s te m s  and i n  c o n t r a s t  t o  i t s  low p o t e n c y  
in '  r a t  a d j u v a n t  a r t h r i t i s  ( I D - ^ ^  6 2 m g /k g ) .  I n d o m e t h a c i n  
was v e r y  a c t i v e  i n  t h e  c a r r a g e e n i n  oedema t e s t ,  a s  i t  v/as 
i n  a d j u v a n t  a r t h r i t i s ,  b u t  n o t  i n  t h e  lymph node s y s t e m .
Sodium s a l i c y l a t e  was w eak ly  a c t i v e  i n  c a r r a g e e n i n  oedema 
and o f  low p o t e n c y  i n  t h e  lymph node c e l l  s y s t e m .  I t  v/as 
n o t  t e s t e d  i n  a d j u v a n t  a r t h r i t i s .
None o f  t h e  e s t a b l i s h e d  a n t i - i n f l a m m a t o r y  d r u g s  was 
t e s t e d  i n  t h e  r a t  p a s s i v e  c u t a n e o u s  a n a p h y l a x i s  t e s t .  T h i s  
t e s t  d e t e c t s  compounds which  i n h i b i t  t h e  r e l e a s e  o f  m e d i a t o r s  
f rom r e a g i n - s e n s i t i z e d  mast  c e l l s  on e x p o s u r e  t o  a n t i g e n ,  
that,., i s  .compounds v/hich have  a n t i - T y p e  1 a l l e r g y  p r o p e r t i e s ,  
and i s  n o t  a t e s t  f o r  a n t i - i n f l a m m a t o r y  a c t i v i t y .  The 
c o r r e s p o n d e n c e  b e tw een  t h e  a c t i v i t y  o f  chromones  i n  t h i s  
t e s t  and t h e i r  a c t i v i t y  i n  t h e  lymph node c e l l  s y s te m s  was 
p o o r ,  f o r  e x a m p le ,  FPL55618 was a p o t e n t  i n h i b i t o r  o f  t h e  
p a s s i v e  c u t a n e o u s  a n a p h y l a x i s  r e a c t i o n  ( 1 3 ^ ? =  0 .0 0 8 m g /k g )
and FPL56294 was a p o o r  i n h i b i t o r  10m g/k g ) ,  b u t
t h e i r  r e l a t i v e  p o t e n c i e s  were r e v e r s e d  i n  t h e  lymph node c e l l  
sy s te m  w i t h  I D ^ s  f o r  t h e  i n h i b i t i o n  c f  r a t e s  o f  £3h ] - t h y r a i d i  
i n c o r p o r a t i o n ,  o f  200 and 75/M r e s p e c t i v e l y .  The a c t i v i t y  
o f  t h e  6 , 8 - d i - a l k y l  s u b s t i t u t e d  chromones i n  t h e  lymph node 
c e l l  s y s t e m s  i n c r e a s e d  w i th  th e  i n c r e a s i n g  s i z e  o f  t h e  a l k y l  
s u b s t i t u e n t s .  A somewhat s i m i l a r  t r e n d  was s e e n  i n  t h e  
p a s s i v e  c u t a n e o u s  a n a p h y l a x i s  t e s t ,  b u t  t h e  d i - t - p e n t y l  
chromone (7TL56220) was c o n s i d e r a b l y  l e s s  a c t i v e  t h a n  i t s  
d i - t - b u t y l  a n a lo g u e  (FPL5 2 8 0 6 ) .  The a c t i v i t i e s  o f  FPL55689 
and 55731 ( t h e  d i - e t h y l  and d i - n - p r o p y l  a n a l o g u e s )  were 
s i m i l a r  i n  t h e  p a s s i v e  c u t a n e o u s  -an a p h y lax is  r e a c t i o n ,  b u t  
t h e i r  r e l a t i v e  p o t e n c i e s  ( 5 .6  and 6.1i.mg/kg) were r e v e r s e d  
compared w i t h  t h e i r  p o t e n c i e s  i n  t h e  lymph node c e l l  sy s te m s  
(360  and 77/M) r e s p e c t i v e l y  f o r  i n h i b i t i o n  o f  t h e  r a t e  o f  
Pl i j  - t h y m i d i n e  I n c o r p o r a t i o n .
The i n c r e a s e  i n  t h e  s y n t h e t i c  a c t i v i t i e s  o f  ly m p h o c y te s  
on e x p o s u r e  t o  an a n t i g e n  t o  which t h e  c e l l s  a r e  s e n s i t i z e d  
an v i t r o  m a n i f e s t a t i o n  o f  a Type k  a l l e r g i c  r e a c t i o n ,  
o r  c e l l u l a r  im m u n i ty .  The i n c r e a s e d  s y n t h e t i c  a c t i v i t y  o f  
lymph node c e l l s  s t i m u l a t e d  w i t h  PHA i s  a s i m i l a r  s y s t e m .
I t '  h a s  b e e n  shown t h a t  FPL52506 i n h i b i t s  - t h y m i d i n e
i n c o r p o r a t i o n  i n  b o t h  PHA- and a n t i g e n - s t i m u l a t e d  c e l l s ,  
v h e  e f f e c t s  o f  compounds on t h e  r a t e  o f  i n c o r p o r a t i o n  o f  
p h ] - t h y m i d i n e . ,  e t c . ,  b y  F H A - s t im u la te d  lymph node c e l l s  i s  
t h e r e f o r e  I n d i c a t i v e  o f  a c t i v i t y  a g a i n s t  c e l l u l a r  Immune 
r e a c t i o n .  The p o o r  c o r r e s p o n d e n c e  betw-een t h e  e f f e c t  o f  
chromones on t h e  lymph node c e l l  sy s te m s  and t h e i r  I n h i b i t o r y  
e f f e c t  i n  t h e  p a s s i v e  c u t a n e o u s  a n a p h y l a x i s  r e a c t i o n  
i n d i c a t e s  t h a t  t h e  lymph node c e l l  sy s te m  h a s  no p r e d i c t i v e  
v a l u e  f o r  t h e  I d e n t i f i c a t i o n  o f  a n t i - t y p e  1 a l l e r g y  compounds ,  
o f  t h e  dl 'sodium c ro ra o g ly c a te  type . .  T h i s  c o n c l u s i o n  a l s o  
i n d i c a t e s  t h a t  I d e n t i c a l  mechanisms t o  t h o s e  o c c u r r i n g  i n  
t h e  m as t  c e l l  which d i so d iu m  c ro m o g ly c a t e  t y p e  compounds 
i n h i b i t ,  a r e  n o t  I n v o l v e d  In  lym p h ocy te  t r a n s f o r m a t i o n .
The d i f f e r i n g  r a t e s  o f  a b s o r p t i o n ,  m e ta b o l i sm  and 
e l i m i n a t i o n  o f  t h e  v a r i o u s  compounds t e s t e d  i n  r a t  a d j u v a n t  
a r t h r i t i s  and c a r r a g e e n i n  oedema w i l l  a f f e c t  t h e i r  o b s e r v e d
p o t e n c i e s  c o m p a r e d  w i t h  t h e i r  i n t r i n s i c  p o t e n c i e s ,  ( i n  t h e  
r a t  p a s s i v e  c u t a n e o u s  a n a p h y l a x i s  r e a c t i o n  t h e  c o m p o u n d s  
w e r e  a d m i n i s t e r e d  i n t r a v e n o u s l y  and  o n l y  3 0  r a i n s ,  e l a p s e d  
b e t w e e n  a d m i n i s t r a t i o n  o f  t h e  c o m p o u n d  an d  s a c r i f i c e  o f  t h e  
r a t .  V a r i a t i o n  i n  t h e  r a t e s  o f  a b s o r p t i o n  o f  t h e  c o m p o u n d  
a r e  e l i m i n a t e d  a n d  i f  t h e  e x c r e t i o n  an d  m e t a b o l i s m  o f  t h e  
d r u g  i n  3 0  m i n s . i s  a s s u m e d  t o  b e  m i n i m a l  t h e  m e a s u r e d  
p o t e n c i e s  o f  t h e  c o m p o u n d s  s h o u l d  b e  s i m i l a r  t o  t h e i r  
i n t r i n s i c  p o t e n c i e s ) .  I n  t h e  a d j u v a n t  a r t h r i t i s  o n e  o r a l  
d o s e  o f  c o m p o u n d  w a s  g i v e n  p e r  d a y .  I f  t w o  c o m p o u n d s  
p o s s e s s e d  s i m i l a r  r a t e s  o f  a b s o r p t i o n  and  i n t r i n s i c  p o t e n c y ,  
b u t  h a d  d i f f e r e n t  r a t e s  o f  e l i m i n a t i o n ,  s o  t h a t  a n i m a l s  
t r e a t e d  w i t h  o n e  o f  t h e  c o m p o u n d s  h a d  p h a r m a c o l o g i c a l l y  
a c t i v e  l e v e l s  f o r  2l\h. a n d  a n i m a l s  t r e a t e d  w i t h  t h e  s e c o n d  
c o m p o u n d  f o r  o n l y  6 h . , i t  w o u l d  b e  r e a s o n a b l e  t o  e x p e c t  
c o n s i d e r a b l e  d i f f e r e n c e s  i n  t h e i r  o b s e r v e d  p o t e n c i e s .
S i m i l a r  d i f f i c u l t i e s  a p p l y  t o  t h e  c a r r a g e e n i n  o e d e m a  t e s t ,  
e s p e c i a l l y  w i t h  r e g a r d  t o  t h e  r a t e  o f  a b s o r p t i o n  o f  c o m p o u n d .
J t  i s  t h e r e f o r e  d i f f i c u l t  t o  c o m p a r e  t h e  p o t e n c i e s  o f  
c o m p o u n d s  i n  a n  i n  v i v o  t e s t  i n v o l v i n g  o r a l  a b s o r p t i o n  and  
a n  i n  v i t r o  t e s t ,  s u c h  a s  t h e  l y m p h  n o d e  c e l l  s y s t e m ,  i n  
w h i c h  t h e  d i f f e r e n c e s  i n  c o m p o u n d  a b s o r p t i o n  i n t o  t h e  c e l l s  
a r e  s m a l l  c o m p a r e d  t o  t h o s e  i n t o  t h e  a n i m a l  a n d  e l i m i n a t i o n  
o f  t h e  c o m p o u n d  b y  e x c r e t i o n ,  a t  l e a s t ,  i s  n o t  p r e s e n t .  A
l o w  o b s e r v e d  p o t e n c y  o f  a  c o m p o u n d  i n  a d j u v a n t  a r t h r i t i s  may  
i n d i c a t e  e i t h e r  p o o r  a b s o r p t i o n  o r  r a p i d  m e t a b o l i s m  a n d  
e l i m i n a t i o n ,  i n  a d d i t i o n  t o  l o w  i n t r i n s i c  p o t e n c y .
T h e  g r e a t  d i f f e r e n c e  i n  t h e  o b s e r v e d  p o t e n c y  o f  
l n d o m e t h a c i n  i n  t h e  r a t  a d j u v a n t  and c a r r a g e e n i n  o e d e m a  
t e s t s  and  i n  t h e  l y m p h  n o d e  c e l l  s y s t e m  c a n  b e  e x p l a i n e d  
t o  s o m e  e x t e n t  a t  l e a s t  b y  t h e  l o n g  h a l f  l i f e  o f  i n d o m e t h a c i n  
i n  t h e  r a t  and r e - a b s o r p t i o n  o f  i n d o m e t h a c i n  e x c r e t e d  i n  t h e  
b i l e ,  w h i c h  r e s u l t  i n  h i g h  p l a s m a  i n d o m e t h a c i n  l e v e l s ,
( h u c k e r  e t  a l » 1 9 6 6 ) .  P r e d n i s o l o n e  w a s  v e r y  a c t i v e  i n  t h e  
l y m p h  n o d e  c e l l  s y s t e m  and  a d j u v a n t  a r t h r i t i s  b u t  o n l y  a  
w e a k  i n h i b i t o r  o f  c a r r a g e e n i n  o e d e m a .  C h l o r o q u i n e ,  i n  
c o n t r a s t ,  w a s  v e r y  a c t i v e  i n  t h e  l y m p h  n o d e  c e l l  s y s t e m  a n d  
c a r r a g e e n i n  o e d e m a ,  b u t  a  p o o r  i n h i b i t o r  o f  a d j u v a n t  a r t h r i t i s .
C h l o r o q u i n e  a c c u m u l a t e s  i n  many  t i s s u e s ,  e . g .  s p l e e n  and  
l i v e r  ( R o l l o ,  1 9 7 0 ) ,  and i t  i s  p o s s i b l e  t h a t  t h e  t i s s u e  
s t o r a g e  s i t e s  m u s t  b e  f i l l e d  b e f o r e  p h a r m a c o l o g i c a l l y  
a c t i v e  l e v e l s  c a n  b e  a c h i e v e d  a t  t h e  s i t e  o f  i n f l a m m a t i o n .
T h i s  c o u l d  e x p l a i n  t h e  l o w  p o t e n c y  o f  c h l o r o q u i n e  i n  t h e  
a d j u v a n t  a r t h r i t i s  t e s t ,  b u t  c a n n o t  b e  r e c o n c i l e d  w i t h  t h e  
h i g h  p o t e n c y  o f  c h l o r o q u i n e  i n  t h e  c a r r a g e e n i n  o e d e m a  t e s t .
T h e  i n c o n s i s t e n c i e s  i n  t h e  a c t i v i t i e s  o f  c h l o r o q u i n e  
a n d  p r e d n i s o l o n e  i n  t h e  a d j u v a n t  a r t h r i t i s  and  c a r r a g e e n i n  
o e d e m a  t e s t s  s u g g e s t  t h a t  c o m p a r i s o n  o f  t h e  a c t i v i t y  o f  
c o m p o u n d s  i n  t h e s e  t w o  t e s t s  and  t h e  lyrnph n o d e  c e l l  s y s t e m  
i s  n o t  a s a t i s f a c t o r y  w a y  t o  v a l i d a t e  t h e  l y m p h  n o d e  c e l l  
s y s t e m  a s  a  s c r e e n  f o r  a n t i - i n f l a m m a t o r y  d r u g s .  T h e  l y m p h  
n o d e  c e l l  s y s t e m  c a n  b e  c o n s i d e r e d  t o  b e  a s u p e r i o r  s c r e e n i n g  
s y s t e m  t o  e i t h e r  o f  t h e  i n  v i v o  a n t i - i n f l a m m a t o r y  s c r e e n s ,  
f o r  t h e  d e t e c t i o n  o f  i n t r i n s i c  a c t i v i t y  s i n c e  b o t h  c h l o r o q u i n e  
a n d  p r e d n i s o l o n e  a r e  h i g h l y  a c t i v e  i n  t h e  s c r e e n .  T h e  l y m p h  
n o d e  c e l l  s y s t e m  d o e s  n o t ,  h o w e v e r ,  g i v e  a n y  i n d i c a t i o n  o f  
t h e  r a t e s  o f  a b s o r p t i o n  a n d  e l i m i n a t i o n  o f  t h e  c o m p o u n d s  
i n  v i v o .
6*5 RELATIONSHIP BETWEEN THE INFECT OF PRUGS
OH LY?!PH HOPE CELLS AND THEIR THERAPEUTIC 
■ ACTIVITY IH  HUMAN P I S E A S S S
I n  t h e  p r e v i o u s  s e c t i o n  o f  t h i s  c h a p t e r  t h e  e f f e c t  
o f  a n t i - i n f l a m m a t o r y  d r u g s  a n d  c h r o m o n e s  o n  t h e  s y n t h e t i c  
a c t i v i t i e s  o f  s t i m u l a t e d  g u i n e a - p i g  l y m p h  n o d e  c e l l s  w e r e  
c o m p a r e d  w i t h  t h e  e f f e c t  o f  t h e  c o m p o u n d s  o n  v a r i o u s  
i n  v i t r o  a n d  i n  v i v o  s y s t e m s  w h i c h  a r e  c o n s i d e r e d  t o  b e  
p r e d i c t i v e  f o r  a n t i - i n f l a m m a t o r y  a g e n t s .  T h e  l y m p h  n o d e  
c e l l  s y s t e m  g a v e  o r d e r s  o f  d r u g  p o t e n c i e s  i n  t h e  o t h e r  
i n  v i v o  an d  i n  v i t r o  t e s t s , w i t h  t h e  e x c e p t i o n  o f  t h e  
p o t e n c y  o f  c h l o r o q u i n e  i n  s o m e  o f  t h e  t e s t s .  I n  t h i s  
s e c t i o n  t h e  o r d e r  o f  p o t e n c y  o f  a n t i - i n f l a m m a t o r y  d r u g s  i n  
t h e  l y m p h  n o d e  c e l l  s y s t e m  i s  c o m p a r e d  w i t h  t h e  o r d e r  o f  
p o t e n c y  o f  t h e s e  d r u g s  i n  hum an  i n f l a m m a t o r y  d i s e a s e ,  s u c h  
a s  r h e u m a t o i d  a r t h r i t i s .
T h e  c o n c e n t r a t i o n s  o f  t h e  a n t i - i n f l a m m a t o r y  d r u g s  w h i c h  
i n h i b i t e d  t h e  r a t e  o f  i n c o r p o r a t i o n  o f  ^ h ] - t h y m i d i n e  b y  
s t i m u l a t e d  g u i n e a - p i g  l y m p h  n o d e  c e l l s  b y  5 0 % a n d  t h e  
t h e r a p e u t i c  t o t a l  d a i l y  d o s e  o f  t h e s e  c o m p o u n d s  ( w i t h  t h e  
s o u r c e  o f  t h i s  d a t a )  a r e  s h o w n  i n  ^ a b l e  2 9 .  A g i v e n  d o s e  
. o f  d r u g  i n  man c a n  p r o d u c e  v e r y  d i f f e r e n t  t h e r a p e u t i c  ( o r  
t o x i c )  e f f e c t s .  Man d o e s  n o t  b e h a v e  a s  c o n s i s t e n t l y  a s  a 
g r o u p  o f  a n i m a l s  i n  a l a b o r a t o r y  t e s t .  T h e  c a u s e  o f  
i n c o n s i s t e n t  a c t i o n  i n  man may b e  d u e  t o  d i f f e r e n t  b o d y  
w e i g h t s ,  r a t e s  o f  m e t a b o l i s m  a n d  e x c r e t i o n  o r  i n t e r a c t i o n  
w i t h  o t h e r  d r u g s .  T h e  s t a g e  o f  t h e  d i s e a s e  a l s o  a f f e c t s  
t h e  d e g r e e  o f  b e n e f i t  o b t a i n e d  b y  a g i v e n  d o s e  o f - d r u g ,  f o r  
e x a m p l e .  6 m g - . o f  c o r t i s o n e  , i s  ;fQnl.y  e f f e c t i v e  i n  m i l d  c a s e s  o f  
r h e u m a t o i d  a r t h r i t i s .  P l a c e b o  e f f e c t s  may a l s o  b e  i m p o r t a n t  
w h e n  d r u g s  a r e  u s e d  i n  t r i a l s  w h i c h  a r e  n o t  d o u b l e - b l i n d .
I t  i s  t h e r e f o r e  n o t  s u r p r i s i n g  t h a t  t h e  l i t e r a t u r e  c o n t a i n s  
many c o n t r a d i c t o r y  r e p o r t s  o f  t h e  t h e r a p e u t i c  v a l u e  o f  t h e  
n e w e r  a n t i - i n f l a m m a t o r y  d r u g s  w h e n  t h e s e  a r e  c o m p a r e d  w i t h
s a l i c y l i c  a c i d  o r  a c e t y l s a l i c y l i c  a c i d .  E x a m p l e s  o f  s u c h  
c o n t r a d i c t o r y  r e p o r t s  f o r  i b u p r o f e n  a r e  J a s a n i  e t  a l  ( 1 9 6 8 ) 
a n d  D o r n a n  and R e y n o l d s  (197*4-) ,  who r e p o r t  t h a t  t h e  c o m p o u n d  
w a s  a s  a c t i v e  a s  a c e t y l s a l i c y l i c  a c i d ,  a n d  D i c l c - S m i t h  ( 1 9 ^ 9 )  
a n d  B r o o l c s  e t  a l  ( 1 9 7 0 ) ,  who r e p o r t  t h a t  t h e  c o m p o u n d  w a s  
l e s s  a c t i v e .
T h e  o r d e r  o f  p o t e n c y  o f  d r u g s  i n  t h e  l y m p h  n o d e  c e l l  
s y s t e m  i s  s i m i l a r  t o  t h e i r  o r d e r  o f  t h e r a p e u t i c  a c t i v i t y  i n  
m a n ,  w i t h  t h e  e x c e p t i o n  o f  c h l o r o q u i n e  ( T a b l e  2 9 ) .  C h l o r o q u i n e  
i s  a  s l o w  a c t i n g  c o m p o u n d  i n  c o n t r a s t  t o  t h e  o t h e r  d r u g s  w h o s e  
e f f e c t  i s  r a p i d .  C h l o r o q u i n e  a c c u m u l a t e s  i n  t h e  t i s s u e  an d  
i t  h a s  b e e n  s u g g e s t e d  t h a t  i t s  s t o r a g e  s i t e s  m u s t  b e  
s a t u r a t e d  b e f o r e  i t s  b e n e f i c i a l  e f f e c t s  a r e  r e v e a l e d .  
C h l o r o q u i n e  i s  a l s o  o n e  o f  t h e  t v /o  d r u g s  w h i c h  h a v e  t r u e  
a n t i - r h e u m a t i c  a c t i v i t y  ( t l i e  o t h e r  i s  g o l d )  a s  o p p o s e d  t o  
t h e  a c i d i c  n o n - s t e r o i d a l  d r u g s  a n d  s t e r o i d s  w h i c h  o n l y  a f f e c t  
t h e  s y m p t o m s  o f  r h e u m a t o i d  a r t h r i t i s  ( B u t h r i e ,  1 9 7 1 ) .
T h e  h i g h  f i g u r e  ( 2 5 C m g )  f o r  t h e  t h e r a p e u t i c  d a i l y  d o s e  
o f  c h l o r o q u i n e  i s  t h e  d o s e  a t  t h e  s t a r t  o f  t r e a t m e n t  a n d  t h e  
l o w  f i g u r e  (hOm g)  t h a t  a f t e r  o n e  y e a r ’ s  t r e a t m e n t .  I f  t h i s  
l o w  f i g u r e  i s  t h e  t r u e  t h e r a p e u t i c  d a i l y  d o s e  o n c e  t h e  b o d y  
s t o r a g e  s i t e s  a r e  f i l l e d ,  c h l o r o q u i n e  i s  a  v e r y  p o t e n t  d r u g  
f o r  t h e  t r e a t m e n t  o f  r h e u m a t o i d  a r t h r i t i s  a n d  t h e  a g r e e m e n t  
b e t w e e n  t h e  p o t e n c y  o f  d r u g s  i n  t h e  l y m p h  n o d e  c e l l  s y s t e m  
a n d  t h e i r  t h e r a p e u t i c  a c t i v i t y  i s  c l o s e .  T h e  l y m p h  n o d e  
c e l l  s y s t e m  h a s  p r e d i c t i v e  v a l u e  f o r  t h e  d e t e c t i o n  o f  d r u g s  
u s e f u l  i n  t h e  t r e a t m e n t  o f  r h e u m a t o i d  a r t h r i t i s .
A l l  o f  t h e  d ru g s  i n  T a b le  29 c a u se  s i d e  e f f e c t s .  The 
a c i d i c  n o n - s t e r o i d a l  a n t i - i n f l a m m a t o r y  d r u g s  ( so d ium  
s a l i c y l a t e ,  i n d o m e t h a c in ,  e t c . )  and c o r t i c o - s t e r o i d s  in d u c e  
g a s tT o ^ i t r t e s - t ln a i^  b l e e d i n g *  s t e r o i d s  c a n  a l s o  i n d u c e  sodium 
r e t e n t i o n  (oedema) and a d r e n a l  i n s u f f i c i e n c y .  t r e a t m e n t  
w i t h  c h l o r o q u i n e  c an  c a u s e  b l i n d n e s s ,  due t o  t o x i c  a c t i o n  
on t h e  m e la n in  c o n t a i n i n g  c e l l s  o f  t h e  r e t i n a ,  where i t  
a c c u m u l a t e s .
a w >
i p tu t o
*d hs a
P H* o
P p + &c t • j v
CDV* l-H
05
4
CD
Pi. o w
V O •
- J u o
V£> • •
♦
I*
✓—■N
- A
| _ v V O VCto ■ p
V* fo
k > i
L O
p£ ,
•  1to 4
cV
V>J CD
V O 4• P<
cr
Vrt
C O
o
POyO
PH*
P
CD
rsa>
Cb
P
p*
03o
M
O
P
CD
i->■ 
CD 
P  
«<
O'
P
c+03NOP
CD
P C T O  
Qj p Cb O fO
a  p o P>
CD
P
CDc+
P*
COOH*
P
H*
P0
C/3
0)
H*
O
«<
P
c+
CD
t~> h  ro v>j
v_m vn to o
f-> -P* o  o o  o
*
P*
M
O
M P“ e* ro o 
o o o 
o  o  o
Lm
o
O  VJl 
cn \ i 
p -  h-> 
§ 8
VJl
o
o
0
1
0%
oCD
O
P"
0
1
ro
8
sp  o 
Cj»
o
8o
p
p
Cb
trf
o
w
trjtU
ro
vo
‘d H a
o P o
c+ O p
CD o o
P O CD
o o P
« c o c~t*
p p
H c+ o o :d p
P P ' o p> c+ c t
O 0 p H* p .
O o y o o
P t d p p p p
« o CD • p .
o c+ OQ o ' o
p CD 03
03 p *
c+ O H* H* ;d
H* P> O P ; u b
O O ' c+
P i d I p .
' O J M P* o 1
O ' t u , 2 CD c+ H*
P p . P
1 p . 3 3 M ,
VJl -3 O ' 03 P h J
P * H* C+ I-* P
a << < +  . O 03 3
0 CD H* c+ 0
H* Qi Cb CD 03
H Qi Cb ct*
U H* y> O
J l P P O P
D CD c+ P
f t P * p .
P P P
H* CD P
- c+ P P
H* 1 CQ
03 • d 03
H*
CQ f j
P * p .
O
3 O '
O
P * i—1
oi ~j O '
’ o H*
-3 Cb O'
O ' CD H*
CD c+
P  . O 03
03 CD
* d H C+
CD h-> '-v*Y-*
0 P 03 CD
OQ c+
\ H - O ' : o
Q . O p
03 c t
<< U v n CD
O O
-03 cA O
CD *i>
CD
P
Q i
'•U
-3 i—
P 4 1
CD
P O '
P Cc
y 3
CD p .
p Q i
c+ H*
H* P
o CD
I t  h a s  b e e n  s u g g e s t e d  t h a t  f o r  t h e  a c i d i c  n o n - s t e r o i d a l  
a n t i - i n f l a m m a t o r y  d ru g  a t  l e a s t ,  t h e r a p e u t i c  p o t e n c y  i s  
p a r a l l e l e d  by t o x i c i t y ,  b u t  t h i s  h a s  b een  q u e s t i o n e d  on t h e  
b a s i s  o f  t e s t s  i n  a n im a l s  by V / i lhe lmi  (197U ) .  He summarised 
h i s  r e s u l t s  by t h e  s t a t e m e n t  *u l c e r o g e n i c i t y  and a n t i ­
i n f l a m m a to r y  p o t e n c y  need n o t  n e c e s s a r i l y  p a r a l l e l  e ach  
o t h e r * , which i n d i c a t e s  t h a t  g e n e r a l l y  t h e y  d i d .  I t  i s  
p o s s i b l e  t h a t  t h e  i n h i b i t o r y  e f f e c t s  o f  d r u g s  on t h e  lymph 
node c e l l  sy s te m  i s  r e l a t e d  more t o  t h e  mechanism o f  t h e i r  
t o x i c i t y  t h a n  t o  t h e i r  t h e r a p e u t i c  a c t i v i t i e s .
6*6 EVALUATION OF THE SYNTHETIC ACTIVITY OP
PHA-STIMULATED GUINEA-PIG LYMPH NODE CELLS 
- AS A SCREEN POP. ANTI -  INFIANT-LATORY A GLUTS
A l l  t h e  e s t a b l i s h e d  a n t i - i n f l a r a m a t o r y  d r u g s  s t u d i e d  
f o r  t h e i r  e f f e c t  on [^h]  - t h y m i d i n e  i n c o r p o r a t i o n  i n  
P H A -s t im u la te d  g u i n e a - p i g  lymph node c e l l s  were found  t o  be 
a c t i v e  and t h e  o r d e r  o f  t h e i r  p o t e n c i e s  a g re e d  w e l l  w i t h  t h e  
t h e r a p e u t i c  d o s e s  o f  t h e  d r u g s  i n  rh e u m a to id  a r t h r i t i s  
( T a b l e  2 9 ) .  The n o n - a n t i - i n f l a m m a t o r y  a n a lo g u e  o f  sodium 
s a l i c y l a t e ,  sodium p - h y d ro x y  b e n z o i c  a c i d ,  was n e a r l y  
5  t im e s  l e s s  a c t i v e  t h a n  sodium s a l i c y l a t e  a s  a n  i n h i b i t o r  
o f  p h ) - t h y m i d i n e  i n c o r p o r a t i o n  by P H A - s t im u la te d  lymph node 
c e l l s  ( T a b le  1 0 ) .  The o r d e r  o f  p o te n c y  o f  e s t a b l i s h e d  
a n t i - i n f l a m m a t o r y  d r u g s  a s  i n h i b i t o r s  o f  J ^ h J - t h y m i d i n e  
I n c o r p o r a t i o n  was s u p e r i o r ,  w i th  r e s p e c t  t o  t h e  t h e r a p e u t i c  
d o s e s  i n  rh eu m a to id  a r t h r i t i s ,  t o  t h e  o r d e r  o f  p o t e n c y  o f  
t h e  d r u g s  i n  o t h e r  t e s t s  c o n s i d e r e d  t o  d e t e c t  a n t i - i n f l a m m a t o r y  
a g e n t s  ( T a b l e s  27 and 2 8 ) ,  These  r e s u l t s  i n d i c a t e  t h a t  s t u d y  
o f  t h e  e f f e c t s  o f  compounds qn t h e  s y n t h e t i c  a c t i v i t y  o f  
P H A - s t im u la te d  g u i n e a - p i g  lymph node c e l l s  i s  a u s e f u l  s c r e e n  
f o r  a n t i - i n f l a m m a t o r y  a g e n t s  ( i n c l u d i n g  a c i d i c  n o n - s t e r o i d a l  
compounds ,  s t e r o i d s ,  and c h l o r o q u i n e - l i k e  a g e n t s )  and 
s u p p o r t s  t h e  b e l i e f  o f  F o r b e s  and Sm ith  (1 9 ^ 7 )  t h a t  
ly m p h o c y te s  a r e  a s u i t a b l e  s y s te m  f o r  t h e  d e t e c t i o n  o f  
a n t i - i n f l a m m a t o r y  a g e n t s .
A d v an tag es  o f  t h e  lymph node c e l l  s y s te m  compared t o  
o t h e r  s c r e e n s  f o r  a n t i - i n f l a m m a t o r y  a g e n t s ,  such  a s  r a t  
a d j u v a n t  a r t h r i t i s ,  i n c l u d e  t h e  s m a l l  amount o f  compound 
r e q u i r e d  t o  a s s e s s  t h e  a c t i v i t y  o f  t h e  compound ( t h i s  i s  
e s p e c i a l l y  i m p o r t a n t  w i t h  n o v e l  compounds s y n t h e s i s e d  
i n i t i a l l y  i n  q u a n t i t i e s  o f  a b o u t  l g . ) , t h e  r e p r o d u c i b i l i t y  
and p r e c i s i o n  o f  t h e  m easured  compound a c t i v i t y  ( p r e c i s e  
r e s u l t s  a r e  d e s i r a b l e  i f  s t r u c t u r e - a c t i v i t y  s t u d i e s  a r e  t o  
be p e r f o r m e d ) ,  and t h e  s m a l l  number o f  a n im a l s  r e q u i r e d .
One guinea-pig w i l l  provide su f f ic ien t  lymph node c e l l s  
for the a c t iv i ty  of  2 compounds to be measured ( 6C rats  
would be required to measure the a c t iv i ty  of  2 compounds 
in adjuvant a r th r i t i s ,  t e s t  groups of 5 animals and 5 
different compound doses).  The avoidance of  large numbers 
of animals saves the cost of animals, capital and running 
costs of  the animal-holding space, and also minimises pain 
caused to experimental animals.
The lymph node c e l l  system, in common with other in v itro  
screens probably determines the in tr in s ic  a c t iv i ty  of  
compound; in contrast to in vivo screens which determine the 
apparent a c t iv i ty  of the compound, which i s  a combination 
of the in tr in s ic  a c t iv i ty  and the metabolic d isposit ion  of 
the compound (for example, absorption, elimination by 
excretion and metabolism, and t issu e  storage) in the 
particular tes t  animal. When a drug i s  used to treat  
disease in man i t  i s  the apparent a c t iv i ty  of the compound 
which determines the c l in ic a l  response. Hence, i t  can be 
argued that in vivo screens, such as adjuvant a r th r i t i s ,  
are more valuable than in vitro screens which measure 
in tr in s ic  a c t iv i ty .  The many differences found between the 
metabolic d isposit ion  of drugs, for example phenylbutazone 
(Burns et a l , 1953)? in man and experimental animals, such 
as the ra t ,  render th is  supposition very questionable. In 
i n i t i a l  screening for anti-inflammatory a c t iv i ty  in tr in s ic  
a c t iv i ty  should be pursued, since human apparent a c t iv i ty  
can only be assessed sa t i s fa c to r i ly  in Man himself.
The relevance of the lymph node c e l l  system as a screen 
for anti-inflammatory agents to be used in the treatment of  
rheumatoid a r th r i t i s  i s  good, since there i s  much evidence 
to link lymphocytes with rheumatoid a r th r i t i s  (Messner, 197^)• 
Lymphocytes, however, are not involved in many other 
inflammatory conditions, such as o s t e o -a r th r i t i s , in. which 
established anti-inflammatory drugs have benef ic ia l  actions.  
Inflammation generally involves t issue  pro l iferat ion .  I t  
i s  suggested that the relevance of the lymph node c e l l  
system to inflammatory conditions which do not involve 
lymphocytes may be at the leve l  of t i s su e  pro l ifera t ion ,
- ZO Zj. -
o f  w h ic h  P H A - s t im u la te d  g u i n e a - p i g  lymph node c e l l s  a r e  
a c o n v e n i e n t  i n  v i t r o  l a b o r a t o r y  model .
— ■ C .K J J  s -
6 * 7  SUMMARY
The e f f e c t s  o f  6 , 8 - d i - t ~ b u t y l  chromone (FPL52806) 
on t h e  s y n t h e t i c  a c t i v i t i e s ,  v i a b i l i t y ,  and m orphology  o f  
P H A - s t im u la te d  g u i n e a - p i g  lymph node c e l l s  were r e l a t e d  
e f f e c t s ,  p r o b a b l y  i n v o l v i n g  a common mechanism.
The p o t e n c i e s  o f  6 , 8 - d i - a l k y l  chromones a s  i n h i b i t o r s  
o f  [^ h] - t h y m id in e  and - l e u c i n e  i n c o r p o r a t i o n  i n
P H A -s t im u la te d  g u i n e a - p i g  lymph node c e l l s ,  i n  t e rm s  o f  
b o t h  t h e  t o t a l  added chromone c o n c e n t r a t i o n  and t h e  f r e e  
n o n -se ru m  bound chromone were  a m a t h e m a t i c a l  f u n c t i o n  o f  
t h e  l i p o p h i l i c i t y  o f  t h e  chrom ones ( S e c t i o n  6 #3 ,  Page  172?).
The 6 , 8 - d i - t - p e n t y l  chromone (FPL56220) had a l i p o p h i l i c i t y  
s i m i l a r  t o  t h a t  o f  t h e  m a t h e m a t i c a l l y - c a l c u l a t e d  most a c t i v e  
member o f  t h e  6 , 8 - d i - a l k y l  .chromone s e r i e s  i n  t e rm s  o f  t h e  
t o t a l  added chromone c o n c e n t r a t i o n .
The p o te n c y  o f  e s t a b l i s h e d  a n t i - i n f l a m m a t o r y  d r u g s  
and c a n d i d a t e  (chromone)  compounds as  i n h i b i t o r s  o f  
Jj^h] “ th y m id in e  and [ > ]  - l e u c i n e  i n c o r p o r a t i o n  by P H A - s t i m u l a t e d  
g u i n e a - p i g  lymph node c e l l s  were  compared t o  t h e  p o t e n c i e s  o f  
t h e  compounds i n  i n  v i t r o  s c r e e n s  ( s u i p h y d r y l - e x c h a n g e  and 
h y p o t o n i c  e r y t h r o c y t e  h a e m o l y s i s ) ,  i n  i n  v iv o  s c r e e n s  ( ra t -  
a d j u v a n t  a r t h r i t i s ,  r a t  c a r r a g e e n i n  oedema, and r a t  p a s s i v e  
c u t a n e o u s  a n a p h y l a x i s )  and t h e  c l i n i c a l  p o t e n c y  o f  t h e  d r u g s  
i n  r h e u m a to id  a r t h r i t i s  ( S e c t i o n  6 *14., Page  1 8 2 ) .  The o r d e r  
o f  a c t i v i t y  o f  e s t a b l i s h e d  d r u g s  . i n  t h e  lymph node c e l l  
sy s te m  w a s  c l o s e r  t o  t h e  c l i n i c a l  o r d e r  o f  p o t e n c y  o f  t h e  
d r u g s  t h a n  was t h e i r  o r d e r  o f  p o t e n c y  i n  t h e  e t h e r  
a n t i - i n f l a m m a t o r y  t e s t s .  The o r d e r  o f  p o t e n c y  o f  t h e  
c a n d i d a t e  chromones i n  t h e  lymph node c e l l  sy s te m  d i d  no t  
a g r e e  w i t h  t h e i r  o r d e r  o f  p o t e n c y  i n  t h e  p a s s i v e  c u t a n e o u s  
a n a p h y l a x i s  t e s t .  The lymph node c e l l  sy s te m  d o e s  n o t  
d e t e c t  a n t i - T y p e  1 a l l e r g y  compound.
I t  i s  c o n c lu d e d  t h a t  t h e  s y n t h e t i c  a c t i v i t y  o f  
P H A -s t im u la te d  g u i n e a - p i g  lymph node c e l l s  i s  a s u i t a b l e  
s c r e e n  f o r  t h e  d e t e c t i o n  o f  i n t r i n s i c  a n t i - i n f l a m m a t o r y  
a c t i v i t y .
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